MEMORANDUM OF UNDERSTANDING ( MoU)

This Memorandum of Understanding is made on the 31¥day of March 2016 and it is
valid up to 30th March 2026 (10 Years)

BETWEEN
Luminescence Laboratory, Department of Physics, Rashtrasant Tukadoji
Maharaj,Nagpur University Nagpur (First Party)
AND

Principal &Department of Chemistry, Sevadal Mahila Mahavidyalaya,
Sakkardara Square, Umrer Road, Nagpur (Second Party)

BACKGROUND

A. Each of the Party owns and operates facilities for the provision of

1. Laboratories use

2. Students exchange for Research.

3. Use and Exchange of Research activities.
4. Collaborative Research Publication.
5. Patent Publications.

B. The Party currently have an arrangement with each other with respect to the
training, borrowing, and Awareness of Knowledge material that each Member
Council works together with resource sharing, Knowledge sharing and
maintenance of a shared resources.

o4 Each of the Party agrees that the MOU shall be collectively known as “To
Exchange of Research activities and Collaborative Research Publications”.

D. The Party desire to formalise their agreement and understanding in relation to
the Network and have agreed to enter into this Memorandum of Understanding
in this regard. However, the Party agree that this Memorandum shall not create
any legal obligations and whilst recognising that there are no enforceable
obligations between them the Party agree to perform their obligations pursuant
to this Memorandum in good faith and to the best of their abilities.

E. The Party agree that each of them shall have the following obligations in respect
of “ToDemonstrate and Hands-on training of Laboratory equipment”.
E. Second Party(Administer)
On behalf of the Other Member Councils, the Seco arty agrees;
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AND THE PARTIES AGREE:

1.1 Interpretation

1.1.1

112

2. Term |

The Background set out above forms part of this Memorandum

and the Party agree that the Background is true and accurate.

Unless the contrary intention appears:

1.1.2.1  Words noting the singular shall include the plural and
vice versa.

1.1.2.2  Reference to any gender shall include every other
gender and words denoting individuals shall include
corporations and vice versa.

1.1.2.3 Reference to any Act of Parliament, statute or
regulation shall include any amendment currently
enforce at the relevant time and any Act of
Parliament, statute or regulation enacted or passed in
substitution therefore.

1.1.2.4 Headings are for convenience of reference only and
do not affect the interpretation or construction of this
Memorandum.

1.1.2.5 A requirement in this Memorandum for liaison and
consultation is a requirement for full and frank
discussion and includes a requirement where
necessary and appropriate, for full disclosure of
relevant information and material.

2.1  The term of this Memorandum shall be of ten (10) years commencing on
31//03/2016 and expiring on the 30/03/2026, unless otherwise agreed or
extended by the Party in writing.

2.2 The term shall be reviewed by the Party not more than twelve (12)
months and not less than six (6) months prior to the expiration of the
term subject to the term being reviewed prior to this period.

3.  Negotiate In Good Faith

The Party agree that they will cooperate with each other and at all times act in

good faith and with the joint objective of successfully and expeditiously

concluding and carrying out all of the arrangements and agreements
contemplated in this Memorandum.

4.  The Party Obligations

4.1.1

Administration

4.1.1.1 to administer the work in accordance with this
Memorandum and the Operating Guidelines; and

4.1.1.2  to be accountable to the Other Party in a manner
determined for the administration of the MOU and
the facilitation of the MOU;

Finances

4.1.2.1 Network Costs and the Administration Cost is
mandatory to administer (Second Party)
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4.2

4.1.2.2  to prepare with the assistance from the Other Member
Councils, in accordance with this Memorandum, the
budgets for the Network; and :

4.1.23 to meet all auditing requirements for all monies
received and paid for in relation to the Network;

4.1.3 Membership of the Committee

4.13.1 the Chief Executive Officer or delegated officer is a
Principal and the nominee to the Committee is a
Concern Department Head,

4.1.3.2 to appoint a representative (Should be a Faculty of
Concern Department) from each party;

All Member Councils

The Party agree:

42.1 Reporting
To consider reports and recommendations from its respective
representatives on the Committee in relation to the
administration of the MOU.

422 The Committee shall at its first meeting (and annually
thereafter) appoint amongst the representatives a Chairperson
who shall hold office for a term of one (1) year but is eligible
for reappointment for a further term, unless he/she resigns in
which case the Committee shall appoint a new Chairperson to
chair the meetings.

423 In the event that the appointed Chairperson is absent from a
Committee meeting the representatives present shall appoint an
acting Chairperson, who shall preside over that meeting or until
the Chairperson is present.

Operational Guidelines

3

5.2

33

54

Upon execution of this Memorandum, the Chief Executive Officer or
delegate of each of the Party shall prepare and implement Operational
Guidelines which the Chief Executive Officers or delegates shall be
capable of amending from time to time as the Chief Executive Officers
or delegates see fit.

Notwithstanding the provisions of this Memorandum, the Party agree
that the Operational Guidelines shall be the operative document that
facilitates the operational management of the MOU.

The Party shall delegate to their respective Chief Executive Officers
such powers as are required and necessary to prepare and amend the
Operational Guidelines and to manage the network in accordance with
the Operational Guidelines.

The Parties agree to negotiate and cooperate with each other at all times
and to act in good faith in the operation of the Operational Guidelines
and to comply with its terms.

The Parties agree that the terms and conditions of this Memorandum may be
varied upon written agreement of the proposed variation by all the Member

Councils.
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6. Liability
6.1

The Second Party shall indemnify and keep indemnified the other Party

against all actions, costs, claims, damages, charges in respect of injury,
loss or damage resulting from any negligent act or omission of The First

Party Council;
7.  Acknowledgement

The Party acknowledge and agree that each of the Party may in its own right
engage the other Member Council staff for their services; however any agreed
costs incurred by the Council in doing so shall be borne solely by the respective

Party.

EXECUTED as a Memorandum of Understanding

THE SEAL of THE First Party COUNCIL
was hereunto affixed in accordance with its
Constitution and by the authority of its
directors:

Name:Dr.SanjayJ.Dhoble,
Professor,Luminescence
Laboratory,Department of Physics, R.T.M.

Sign & Seal
Dr ¢ ' Dhoble

aessor ]
Depatment of Physics
. RTIVi Nagpur University

Nagpur University, Nagpur Nagpur s
THE SEAL of the Second Sign & Seal

PartyCOUNCIL was hereunto affixed in
accordance with its Constitution and by
the authority of its directors:

Name: Prof.Pravin Charde
Principal

Psincipal
Sevadal Mahila Mahavidyalaya, 3
Umrer Road, Nagpur-9

Name:Dr.(Mrs )N. S.Dhoble

.................................................................

Professor ,Department of Chemistry
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Principal
Sevadal Mahila Mahavidyalaya
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Photo and thermoluminescence in K;Mg(S0,),: Dy phosphor
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ARTICLE INFO

ABSTRACT

Article history:

Received 17 March 2016
Received in revised form

29 July 2016

Accepted 1 August 2016
Available online 4 August 2016

Keywords:
Luminescence
Phosphor

Trapping parameter
Y-radiation

XRD

Rare earth

The prepared phosphor K;Mg(S04),:Dy is synthesized by solid state diffusion (SSD) method. The sample
was studied for its photoluminescence (PL) and thermoluminescence (TL) characteristics. In the emission
spectra of K;Mg(S04);:Dy excited by 350 nm UV light, the emission line at 576 nm(*Fe2-H132) and
487 nm (*For2-°Hsp2)from the Dy?+ions coexist with the wide emission band from the K2Mg(S04);host.
The excitation spectra of the emission at 576 nm consist mainly of the strong excitation band of the K;Mg
(S04)zhost at 350 nm.TL characteristics show excellent results by the same SSD method. The samples
were irradiated by y-radiation for 5-30 Gy-from $°Co source at the dose rate of 0.322 kGyh~'. The TL
glow curve shows the simple structure having the peak temperature nearly at 185 °C. The single peak is
due to the possibility of formation of only one kind of trapping site due to Y-irradiation. The effect of
concentrations of Dy and y-radiation doses does not change the general structure of the TL glow curve
but the intensity is found to be increased as per the higher concentrations and dose. The trapping
parameters are also evaluated by Chen's method. The values of trap depth (E) and frequency factor (s)
were found to be 0.77 +0.002 eV and 3.5 x 10° s~ respectively. The study of PL, TL and evaluation of

trapping parameters has been done and discussed for first time.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Sulfates are used as a promising material for the photo-
'uminescence (PL) and thermoluminescence (TL) phosphors due to
cheir noticeable characteristics [1]. Keeping this in mind, a choice
of Dy doped K,Mg(SO4), were carefully considered after many
trials for the purpose of obtaining a good PL and TL of such sys-
tems to be used for luminescence applications. In recent years
Moharil and co-workers have reported several phosphors on rare
earth (RE) ions doped mixed sulfate [2-8]. Also some work has
been done by Sahare and et al. in some mixed sulfates [9-15].
Moreover sulfates are known to be good candidate as luminescent
material due to the fact that they possess well desired character-
istics like high-temperature glow peak, linear response with
ionizing radiation exposure, low fading and an easy method of
preparation [16]. Recently, site selective luminescence of Eu3+
ions in K;Mg(S04)2:6H,0 crystal has been studied by Marzougui
et al. [17].

The main goal of measuring and analyzing TL glow curves is the
extraction of several parameters that can be used to describe the

* Corresponding author.
E-mail address: gedam_sc@rediffmail.com (S.C. Gedam).

TL process in the material . The dosimetric characteristic of any TL
phosphor mainly depends on its trapping parameters which
describe the defect canters responsible for the TL emission, hence
it was tried to calculate in K;Mg(S04),: Dy material. The positions,
shapes and intensities of the glow peaks are related to the various
parameters of the trapping states tesponsible for the TL. The
trapping centers responsible for the thermoluminescence (TL)
were quantitatively described by the various kinetic parameters
such as activation energy, frequency factor and order of kinetics in
KoMg(S04),: Dy. Various experimental techniques such as curve
fitting methods, Chen's half width methods, heating rate methods,
isothermal decay analysis methods, etc., have been developed to
determine these parameters from TL glow curves. Here we have
used Chen’s half width method for the calculations. The aim of
present study is to study of its PL and TL characteristics for dif-
ferent dose ratedfand calculation of kinetic parameters.

2. Experimental

The present phosphor K,Mg(SO,), doped with Dy has been

synthesized by solid state diffusjon method. For the preparation of
o ;Q\hg samples, the rare earth material (Dysprosium) has been taken
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1 | INTRODUCTION

In an imperfect insulator various defects are present that cause local-
ized states in forbidden band gaps. Thermoluminescence (TL) is usually
observed in insulating crystals that have been previously exposed to
ionizing radiation when they are heated above room temperature.
Irradiating the material using ionizing radiation creates electron-hole
pairs inside the host material. These free moving electrons and/or
holes get trapped at localized states, the localized levels may be defect
centres or vacancies.!! The trapped charges (either electrons or holes)
are inefficient in their ability to liberate the electrons out of the trap at
room temperature. When irradiated material is heated to sufficiently
higher temperatures, the trapped charges are liberated out of the trap
at a particular temperature and recombine with their counterpart
particles.”? The recombination results in emission of light, the so-called
‘thermoluminescence’. Trapping of charge carriers and light emission is
directly proportional to the irradiation dose given to the sample. The
greater the dose the more will be the trapping, which leads to increase
in recombination probability and hence the emission of large numbers
of photons. This property of the material is useful in dose determina-
tion of ionizing radiation within the region, where the response related
to the dose given to material and photons generated is linear.[*2

dosimetry; XRD, X-ray powder diffraction.

X

Luminescence 2016; 1-9

Among the relative dosimetry techniques, thermoluminescence
dosimetry (TLD) has gained Widespread use because of its simplicity,
excellent spatial 'resolution and the ability to integrate the absorbed
dose over extended periods of time. TL is a very popular and simple
technique used for dosimetry of ionizing radiation. The intensity of
light emitted by a phosphor is proportional to the irradiation doses
given to it and, by calibration with known doses of high-energy radia-
tion, unknown doses could also be estimated when several other
parameters such as energy dependence, fading, post-irradiation effect
etc. are taken into consideration. The main application of these TLDs is
in personnel dosimetry and studies of photon and electron beam dose
distribution in phantoms. Seldom TLDs used in direct surface or
intracavitary dose measurement in the patient.[3-71

Rare earth (RE)‘-doped crystalline solids are known to be interest-
ing TL materials that can be used for radiation dosimetry. Particularly
Tm and Dy doped CaSO4 show a high sensitivity over a wide range
of radiation frequencies ranging from y-rays to ultraviolet (UV) radia-
tion.®-21 Since, the development of CaSO, doped with different rare
earths as described by Yamashita et al, this approach has taken a
significant lead in personal and environmental radiation monitoring
using TL dosimetry and with these materials as sensing elements [13
CaS0,4:Dy (TLD-900) is one of the high sensitive sulphate-based TLD

orEcoal
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Abbreviations: AR, analytical reagent; CGCD, Computerized Glow Curve Deconvolution; GCD, Glow Curve Decongg;zimfra-red; TL@OMNMSC&M
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Novel RGB emission of Tb** ion in Li;BaP,07 phosphor for
near-UV LEDs
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ARTICLE INFO ABSTRACT

Article history:
Received 29 June 2016
Accepted 30 September 2016

A red emitting Li;BaP,07:Tb** phosphor prepared through solid state reaction method is
first time reported in this work. The main point of this work is that Tb* shows intense red
line in addition to blue and green lines in Li;BaP,07 upon UV excitation. Red line (602 nm)
dominates the spectrum upon 372 nm excitation. However, the green line dominates the

Keywords: spectrum upon 230 nm excitation. The results are quite interesting from luminescence point

l-izBaPzP1§'|'b"' of view. Therefore, we suggest a new red, green and blue emitting Li, BaP,0:Tb** phosphor

Red emission for pc-LEDs to generate white light.

g‘“phm © 2016 Elsevier GmbH. All rights reserved.
mp phosphor

1. Introduction

Interest has been growing for the last few decades in the development of (In, Ga)N-based light-emitting diode (LED)
technology, mainly aimed at advancing solid-state white lighting sources. There are several methods to obtain the white
light from LEDs. To acquire white light from LEDs, the methodology requires coupling together several LED chips of discrete
colors, using quantum dots (QD) to down-convert higher energy light or making use of phosphors to down-convert near-
UV and blue light. The strategy entailing phosphors is considered more promising due to long lifetimes, colour stability,
high efficiency, mercury-free, physical lustiness and environmental friendly. Therefore, white light-emitting diodes (w-
LEDs) are now looked on as the fourth generation of solid-state lighting devices. Presently, the most accepted approach to
acquire white light LED is to assemble a blue diode together with yellow YAG:Ce phosphor but due to problem of thermal
quenching and poor colour rendition, an alternative approach, combining a UV chip with red, green and blue phosphors
has been suggested and found to be fruitful to overcome the above two problems [1-4]. As host materials, phosphates have
proven their place in phosphor industry by virtue of their wide band gap, excellent thermal and chemical stability [5-11].
Another good quality of phosphates is that they can be easily prepared at moderate temperatures though in rare cases very
high temperatures are required [5-11]. Recently, several new phosphates like LiSrPO4:Eu?*.Tb3* [12], KYP,07:RE3*(RE=Sm,
Tb, Dy) [13], KBaPO4:Ln (Ln=Eu, Tb, Sm) [14], Ca;9Zn;(P04)14:Eu3* [15], KMLn(PO4);:RE (M =Cs,Sr; Ln=Y,La,Lu;RE3* =Ce,
Eu,Tb) [16] and MMgP,07:Eu3* (M=Ca, Ba, Sr) [ 17] have been reported. The spectroscopic properties of these phosphors are
quite promising. The spectral features also indicate that these phosphors could be effectively excited in the NUV-region to
generate white light. Given these interesting spectral properties of rare earth dctivated phosphates, we were encouraged to
study another rare earth doped phosphate for the purpose of luminescence. There are just six reports about luminescence
property of Li;BaP,07 phosphor [18-23]. In this work we observe that Li;BaP,07:Tb3* phosphor shows intense red emission

* Corresponding author.

E-mail address: sjdhoble@rediffmail.com (S.J. Dhoble). Q § \%22"
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In this study, we have synthesized Dy** activated Srs(PO4)sF (S-FAP) phosphors by sol-gel synthesis
method. The synthesized phosphors were characterized by X-ray diffraction pattern (XRD), scanning
electron microscopic (SEM), photoluminescence (PL) and thermoluminescence (TL) for structural,
morphological and luminescent properties. Dy>* activated Srs(P0.4)3F phosphor shows its characteristic
PL emission at 481 nm and 574 nm due to *Fs; — ®Hisiz and *Foz — SHyy transitions, respectively. TL
characteristics of Dy** doped Srs(PO4);F phosphors were taken after irradiation by ®Co gamma expo-
sure. Two separate TL peaks at 126 °C and 279 °C were observed in case of Dy** doped phosphor.
Srs(PO4)sF:Dy** phosphor was irradiated within a wide range of exposure of 50 Gy to 7 kGy doses.
Linearity was found up to 2 kGy and thereafter TL response saturates. Fading study was also carried out
over the duration of six weeks for Srs(PO4)sF phosphor. Trapping parameters were calculated using
Chen's peak shape method, initial rise method and various heating rate method. Glow curve is decon-
voluted using computerized glow curve deconvolution program. TL sensitivity of Srs(PO4);F:Dy*+
phosphor is found to be less by a factor of 2.08 than commercially used CaSO4:Dy phosphor. In order to
identify the defect centers formed upon y-ray irradiation in Srs(POg4);F:Dy** phosphor, EPR measure-
ments were carried cut on un-irradiated and irradiated phosphors.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

used as a stimulating agent for those electrons and holes (trapped
between forbidden energy gap) which recombine with each other

Luminescence is the phenomenon of emission of cold light at
normal room temperature. It is well known that there are several
types of luminescence, each'named for the source of energy that
causes it. Thermoluminescence (TL) is one of them, which is mainly
found to be occurring in insulator type of substances. As it appeared
from its name thermoluminescence that the main source of energy
in this process is heat, to trigger luminescence phenomena. As we
know that TL is not related to black body radiation since here heat is

* Corresponding author.
** Corresponding author.
E-mail addresses: vijayjiin2006@yahao.com (V. Singh), sjdhoble@rediffmail.com
(5. Dhoble).

http://dx.doi.org/10.1016/j.jallcom.2016.07.114
0925-8388/© 2016 Elsevier B.V. All rights reserved,

after getting energy through heat. Thus to occur TL process it is
necessary to introduce electron and hole pairs at defect centers
through irradiation (ionizing or nonionizing radiation) of the ma-
terial [1]. Therefore, TL phenomenon of any substance is dependent
on the amount of radiation absorbed (also called as dose). This
technique is wigely used nowadays to measure absorbed amount of
dose in radiation protection areas as a TL dosimetry (TLD) [2—4]. It
is to be noted that many investigators have investigated a number
of TLD materials which are commercially available CaSO4:Dy, LiF:-
Cu,Mg,P, CaFy, a-Al;0; etc in personal, clinical and environmental
dosimetry [5—8]. These mentioned TLD materials are widely used
due to their higher sensitivity, thermal stability, less fading and
reusability; however, a very less number of TLD materials are
available nowadays for use in different field of radiation affected
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HIGHLIGHTS

e BaMgF4:Ce, Tb phosphors was pre-
pared by simple precipitation
method.

o The Ce co-doped BaMgF4:Tb** phos-
phor show strong PL emission in the
green region.

o The efficient green emission is due to
the resonance energy transfer from
Ce3*to Tb3*,

o The BaMgF4:Ce, Tb host has good
thermal stability along with good
quantum efficiency.

ARTICLE INFO

Article history:

Received 21 September 2016
Received in revised form

17 November 2016

Accepted 9 December 2016
Available online 10 December 2016

Keywords:

Phosphors

Fluoride

Energy transfer
Photoluminescence decay
Thermal quenching

Internal quantum efficiency (IQE)

GRAPHICAL ABSTRACT

UV excitation

ABSTRACT

Alow temperature precipitation method was employed for the synthesis of green emitting orthorhombic
BaMgF4:Ce3*,Tb®* phosphors. We investigated the structural, photoluminescence (PL) and energy
transfer properties of the BaMgF4:Ce**,Tb** phosphor. The PL emission spectrum of BaMgF4:Ce>* shows
two unresolved peaks at 315 nm and 336 nm, assigned to the lowest 5d level to the two J-multiplets of
the 4f! configuration of Ce>*. Characteristic emission of Tb>* was observed at 546 nm which comes in the
green region of the visible spectrum. The Ce co-doped BaMgF4:Tb3* phosphor show strong PL emission
in the green region, which is due to the resonance energy transfer from Ce3* to Tb3*. Further, we have
calculated the energy transfer parameters and discussed the energy transfer mechanism in detail. The
thermal stability and quantum yield of the prepared phosphor was also studied. The obtained results
reveal that BaMgF4:Ce* Tb3+ phosphor can be considered as a potential green emitting phosphor for
optoelectronic applications.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Rare earth (RE) ions doped phosphors have been extensively
studied for several decades mainly due to their potential

* Corresponding author. Department of Physics, University of the Free State, P.O.

Box 339, Bloemfontein, 9300, South Africa.

E-mail address: bhushan kore084@gmail.com (B.P. Kore). \\'A ]
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http://dx.doi.org/10.1016/j.matchemphys.2016.12.005
0254-0584/© 2016 Elsevier B.V. All rights reserved.

applications h lighting [1-3]. In most of the RE ions the lumines-
cence originates from 4f states and that can cover entire visible
spectrum. The bright emission from RE ions is useful in various
applications such as fluorescent lamps, plasma display panels,
LEDs, bulk lasers, solar concentrators [4,5] etc. Looking at the
importance of energy saving phosphors, rare earth doped/co-doped
phosphors are the extensive topic of research owing to their future
application in field emission displays (FEDs), fluorescent lamps
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Abstract To understand the mechanism of excitation
and the corresponding emission of prepared phosphor for
solid state lighting here we discuss here the lumines-
cence properties of Tb>* and Eu>* doped StMg,Al;602;
phosphor for solid state lighting. In this work Tb**+ and
Eu®* jon is used as a dopant, and in case of Tb>* the
excitation and emission spectra indicate that this phos-
phor can be effectively excited by 353 nm, to exhibit
bright green emission cantered at 545 nm corresponding
to the f — f transition of Tb>* ions while in case of
Eu* phosphor can be efficiently excited by 396 and
observed the emission at 597 nm and 614 nm in addition
with analysis of chromaticity coordinates. All the char-
acteristics indicated that SrMg,Al;60,7:Tb*" and Eu**
is a good candidate for solid state lighting industry
applications.
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1 Introduction

Owing to their exceptional optical properties, such as
higher luminous effectiveness, energy consumption prop-
erties, extended life time and mercury free excitation, white
light-emitting diodes are considered to be next generation
of solid-state lighting sources. There are various approa-
ches are being available to produce white light with the
help of blue/Near ultra-violet light emitting diodes
(NUVLEDs) [1, 2]. In 1997, Nakamura reported the pro-
duction of white LEDs by the arrangement of basic primary
color (i.e. green, blue and a red) LEDs [3]. Now a day’s
interest in research and investigation of suitable phosphor
for the generation of LED’s based solid-state lighting is
extremely increases. It offer the advantages of superior
intensity, energy saving and extended life time compare to
fluorescent lamps and conventional light bulbs [4, 5].
Because of a great variety of compounds and due to
improve the white emission quality in W-LEDs along with
expansion of their alignment ,of UV LEDs with RGB
phosphors analyzed [6]. The Tb** luminescence in a new
aluminates host material MgSrAl;,0;; was reported by
Panse et al. [7] and has prospective outstanding applica-
tions for white LED phosphors near-UV chip. Terbium and
europium ions can be stabilized with host material in the
trivalent oxidation state. The inclusion and stabilized
condition of Tb ions in the prepared material was con-
firmed by inyestigation of luminescence mechanism. In our
work, Tb>* and Eu** doped SrMg,Al,¢0,7 phosphor was
prepared by using combustion synthesis methods and then
the prepared phosphor material was further characterized
by X-ray diffraction (XRD), scanning electron microscopy
(SEM) and photoluminescence (PL) techniques. Therefore,
Tb>* and Eu®* doped SrMg,Al;60,; phosphor is the out-
standing microcrystalline phosphors for solid state lighting.
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A comparative investigation of Ce3*+/Dy3>* and Eu?* doped LiAlO,
phosphors for high dose radiation dosimetry: Explanation of defect
recombination mechanism using PL, TL and EPR study
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This study describes a comparative analysis of y-ray irradiated thermoluminescence properties of
Ce**/Dy** and Eu?* doped LIAIO, phosphor. LIAIO,: Ce?*+ [Dy®*[Eu?* phosphors were synthesized by
solution combustion method. The as synthesized phosphors were characterized by X-ray diffraction
(XRD) and Scanning electron microscopy (SEM) for structural and morphological study. Rietveld Re-
finement of XRD patterns were executed by using Fullprof suit software program. Thermoluminescence
characteristics of these phosphors show a linear dose response for a wide range of gamma radiation,

Keywords: especially Eu** doped LiAlO; phosphor. The presence of large number of lithium vacancies in LiAlO;
KKAECR dhnhinte phosphor was supposed to be responsible for TL characteristics. Electron paramagnetic resonance (EPR)
11);;':;:: o study of un-doped and Ce?* |Dy**/Eu?* doped LiAlO; phosphor was carried out to confirm the presence

EPR of Eu?* jon and cation, anion vacancies in the host lattice. The responsible defect recombination me-
chanism for observed TL peak in LIAIO, was developed on the basis of TL and EPR study of irradiated and
un-irradiated samples. TL kinetics was studied through glow curve deconvolution, Chen's peak shape
method and initial rise method. A good match of kinetic parameters was observed between Chen's peak
shape method and IR method. The present phosphors may find application in the dosimetry of high dose
ionizing radiation. :

© 2017 Elsevier B.V. All rights reserved.

1. Introduction suggested by radiation experts. Thus, need of radiation dosimetry

plays avital role in radiation processing when conducted according to

The knowledge of radiation effect on physical, chemical and bio-  the necessity, directions and the prbcess optimization [4]. The need of

logical properties of living and non-living things lead to the devel-
opment of radiation technologies [1,2]. These radiation technologies
can be divided in two groups i) dealing with low doses of radiation,
such as radiotherapy and ii) dealing with high doses of radiation such
as radiation processing. The high dose radiation technologies include
material modification, stefilization of medical products, and pre-
servation of agriculture product [1]. All these above mentioned
technologies use gamma emitters like %°Co, ™*'Cs or high energy
charge accelerator like electron accelerator providing radiation ex-
posure doses in the range of several kilo grays [1-3]. lonizing radia-
tions need proper measurement of dose for the better effectiveness of
radiation processing. The quality of radiation work also depends on
the correct measurement of the absorbed dose in the dose interval

* Corresponding author.
E-mail address: sjdhoble@rediffmail.com (SJ. Dhoble).

http://dx.doi.org/10.1016/j jlumin.2017.03.046
0022-2313/e 2017 Elsevier B.V. All rights reserved.

high dose measurement is also required at nuclear power stations
and in the plant of liquid sludge hygienization |2]. The enormous use
of radiation in different areas motivates researchers to develop a
suitable dosimetry system according to the area of interest. A number
of luminescence based detectors (TLDs) have already been developed
for the quality control in radiation process and a large number of
novel dosimetric materials are still being investigated [5-7].

The development of lithium aluminate (LiAlO;) as a radiation
detection mﬁterial has been increased since last one decade [8-10].
The optically stimulated luminescence (OSL) and thermo-
luminescence (TL) properties of this material make it significant in
radiation dose measurements [8-12]. The enriched content of 5Li
isotopes having a larger capture cross-section for thermal neutron
makes it useful in neutron detection as a neutron scintillator [12].
The LiAlO; material is also used as a tritium breeding material in
fusion reactor and lattice matching substrate for growing nonpolar

GaN or ZnO layers [13,14]. The compoug LiAlO; is found to be
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1 | INTRODUCTION

Europium ion, as one of the promising species that provide optical
emission in the blue (Eu?*) and red colour (Eu®*) regions, has been
doped into various compounds. The trivalent Eu ion has provided
optical devices in red colour regions and many investigations have
been conducted using various compounds.! Eu®* emission is very
useful for studying the nature of metal coordination in various systems
due to its non-degenerate emitting 5Dy state.

To understand the characteristics of thermoluminescence (TL)
materials, it is necessary to analyse their glow curves and evaluate their
kinetic parameters. Glow curve analysis is useful for dosimetric studies,
such as studying TL dose-response for each glow peak and determining
the lifetime of trapped electrons in the phosphor.m The positions,

Abbreviations: CIE, Commission International de I' Eclairage; LED, light- emlttl
diode; TLD, thermoluminescent dosimeter; XRD, X-ray diffraction.
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shapes and intensities of the glow peaks are related to various
parameters of the trapping states résponsible for TL. The trapping-
emitting centres responsible for TL emission were described quantita-
tively by various kinetic parameters such as activation energy,
frequency factor and order of kinetics. Various experimental tech-
niques such as curve fitting methods, Chen's half-width methods, the
whole glow peak method, heating rate methods, isothermal decay
analysis methods‘, etc., have been developed to determine these
parameters fronf TL glow curves®* The present paper discusses
photoluminescence (PL), and TL characterization and the study of
kinetic parameters by two different methods of Eu-doped K;Mg(SO,),.
The initial rise method of analysis was first suggested by Garlick and
Gibson."® In applying the initial rise method, a graph of In(l) versus
1/kT was made, and a straight line was obtained. From the slope -E
of the line, the activation energy E was evaluated without any knowl-
gdge of the frequency factor s. Another method often used is Chen's

n
/ '!}\\,’ half@v;dth method, also known as the shape of the %rve methaod.
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1 | INTRODUCTION

In recent years, phosphate compounds have come on the scene as an
important family of luminescent materials because of their low prepa-
ration temperature, high brightness, wide band gap, strong absorption
in the UV region, high ultra-violet transmission, stable physical and
chemical properties and ease of control over particle size*® |t is
known that alkali and alkaline earth pyrophosphates have the proper-
ties required to act as inorganic phosphor materials.[%} Initially, the
phosphors of the pyrophosphates family were limited in their use to
cathode ray excitation.”) But at the present time UV/X-ray excited
pyrophosphate phosphors have also been reported in the litera-
ture."-%% In addition to phosphors as inorganic materials, pyrophos-
phates are used as fertilizers, catalysts, electrode materials for
batteries, and in metal finishing processes, chemical analysis, in prepa-
ration of piezoelectrics, ceramics, etc. Pyrophosphates are also impor-
tant in the chemistry of living cells.!4!

Phosphors based on other host families (such as sulphates,
nitrides, aluminates, and borates etc.) have also been reported and
have interesting characteristics, however there are a few drawbacks
related to phosphors based on these host families. For example, sulfide
phosphors are thermally unstable and sensitive to moisture.l’! The
preparation of nitride phosphors often demands sophisticated atmo-
spheric conditions, such as high temperature and hlglﬂﬂwi ‘"gsspre el

,'-' -, /L \
;/e'/
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Moreover, aluminates and borate phosphors generally show lower
quantum efficiency.””! Phosphors based on the phosphate family, how-
ever, can be prepared at moderate temperatures. They have better
thermal and chemical stability when compared with aluminates and
borate phosphors.'*-?%! They have also better quantum efficiency
than the latter./*5-2%1 Recently, detailed studies on the thermal stability
and quantum efficiency of some well known phosphate phosphors
have been reported.*5-2! paylo et gl Studied the effect of different
annealing temperatures on the quantum efficiency of REPO4:Eu?*
(RE =Y, La, Gd) phosphors.181 Lin et al. investigated the effect of tem-
perature (i.e., from 25 °C to 300 °C) on luminescence emission of
KBaPOg:Ln (Ln = Eu, Tb, Sm) and YAG:Ce3* phosphors and observed
that KBaPO,:Ln phosphors are better than the YAG:Ce3* above
200 °C.17) The present article reports the optical properties of micro-
crystalline BaMgP,0,:Ln%* (Ln = Dy, Sm, Ce, Tb) pyrophosphate phos-
phors. To the best of our knowledge there have been only three
reports published on the luminescence properties of BaMgP,0; ie.,
doped with Eu?*, Eu®* or Mn2*21-23 | these three reports, lumines-
cence due to only Eu?*, Eu® or Mn2* activators has been discussed.
However, we know that Dy®*, Sm®*, Ce3* and Tb3* are potential acti-
vators in luminescence spectroscopy and to our knowledge there has
been not a single report in the literature that describes doping and
luminescence of these actjvators in BaMgP,0;. This situation moti-
vated us to study Dy®*, Sm3*, Ce3* and 'Iﬁivated luminescence
Ci ;
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Comparison of thermoluminescence
characteristics in y-ray and C5+ ion
beam-irradiated LiCaAlF¢:Ce phosphor

M. M. Yerpude,? N. S. Dhoble,” S. P. Lochab® and S. J. Dhoble®*

ABSTRACT: We compare the thermoluminescence (TL) behavior of Ce** ion-activated LiCaAlFs exposed to y-rays and a carbon ion
beam. The reported phosphor is synthesized using an in-house precipitation method with varying concentrations of activator ion
and is characterized by X-ray diffraction (XRD) and TL. Rietveld refinement is performed to study the structural statistics. The TL
g,ow curve consists of a prormnent glow peak at 232°C with three shoulders at 115, 159 and 333°C when exposad toy-rays froma
'Co source. When exposed to a C** ion beam, the TL glow curve consists of five peaks with peak temperatures near 156, 221, 250,
287 and 330°C, and is found to vary slightly with changing fluence. Glow curve convolution deconvolution (GCCD) functions are
applied to the TL curves for complete analysis of the glow curve structure and TL traps. The order of kinetics (b), activation energy
(E) and frequency factor are determined using Chen’s peak shape method and thecretical curves are drawn using GCCD functions.
A track interaction model (TIM) is used to explain the sublinearity/saturation at high=r fluences. lon beam parameters are ana-

lyzed using Monte-Carlo simulation-based SRIM-2013 code. Copyright © 2016 John Wiiey & Sons, Ltd.

Keywords thermolummescence, carbon ion beam; Monte-Carlu mmulatmn-based SRIM-2013; TIM model

Introduction

lonizing radiation has been used in tumor treatment for a number
of decades and photon radiotherapy (RT) is extensively used for
the treatment of cancer (1). Recently, along with photon RT, heavy
ion RT has attracted a lot of interest in the field of cancer treat-
ment. Heavy ions show low angular, energy straggling and im-
proved dose conformations compared with photons. Thus, heavy
ion RT is more effective than photon RT because of its sharp in-
crease in dose within a well-defined depth and the rapid fall in
dose beyond the maximum penetration depth of heavy ion (2).
An additional feature of heavy ions is the strong increase in their
linear energy transfer (LET) in the affected region (3-5).

Among the heavy ions, carbon ions are most useful due to their
biological and physical properties. In addition, the significantly in-
creased LET in the affected region makes carbon ions a great tool
for use with all types of tumors, especially those surrounded by
critical structures. Carbon ion RT works in similar way to traditional
photon RT, in which a tumor is targeted with the goal of destroying
the cancerous cells. The size of carbon ions allows them to cause
more disruption and create irreparable damage when they hit a
cancer cell. Unlike traditional RT, carbon ion treatments cause rela-
tively little damage to healthy cells in the path to the tumor. Scien-
tists can control the penetration depth and tailor the ‘shape’ of the
energy depaosited by the carbon ions to closely match the shape of
a tumor. Once the ions reach the tumor, energy is delivered within
a very narrow zone, almost like an explosion in the tumor. This
treatment provides doctors with important options when
targeting tumors near sensitive structures such as the brain.

Carbon ion therapy leads to damage that is much more complex
and difficult for the cancer cell to repair (3,6-8). Hence, great preci-
sion and accuracy in ion beam dosimetry are needed when treating
humans This requu'es the development of xon beam dossmeters

Lummescem:e 2016 31 1115- 1124

increasing demand for the dosimetry of charged particle beams be-
cause they are increasingly used for diagnostic and therapeutic pur-
poses (4,5,10). Commonly used dosimeters such as LiF:Cu,Mg,P and
CaS0,:Dy are not standardized for use in ion dosimetry and there is
the opportunity to develop new materials tailored for ion dosimetry.

The effect of a carbon ion beam on micro- and nanocrystalline
CaSO4Dy*" has been reported previously by Salah (11). Nanoparti-
cles of CaS04Dy are found to have less sensitivity than their micro-
particle counterparts, but are more efficient at higher doses because
microparticles saturate at a lower dose. Recently, Kore et al. (12) re-
ported CaMg;(SO,);:Dy** phosphor for carbon ion dosimetry, which
shows 3.5 times more sensitivity than commercial CaSO4:Dy Ther-
moluminescent dosimeter (TLD) phosphor. Other researchers have
also reported the use of phosphor in carben ion dosimetry (13,14).

Ce**-activated LiCaAlF, is a well-knbwn phasphor with diverse
applications in solid-state tunable lasers and scintillators (15-19).
Alot of work has been done on colquirite-type LiCaAlFs phosphors
explaining their Photoluminescence (PL), Thermoluminescence
(TL) and Optically Stimulated Luminescence (OSL) properties trig-
gered by different activator ions (20-24). However, no studies an
ion-beam irradiated LiCaAlFs:Ce have been found. In this study,
we report the effect of a C** ion beam on the TL properties of
Ce-activated LiCaAlFs.
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ARTICLE INFO ABSTRACT
Article history: In this paper we report the photoluminescence (PL) characteristics of Dy*, Sm*, Eu*" and
Received 23 February 2016 Tb** doped Na3Pb,(S04)3Cl phosphors prepared by wet chemical method. Prepared phos-
Accepted 18 April 2016 phors were characterized by X-ray powder diffraction (XRD), scanning electron microscope
(SEM), color co-ordinates and photoluminescence (PL) properties. The emission spectra of
Keywords: Na3Pb(S04)sCl:Dy** phosphor show the characteristic emission of Dy ions peaking at
Wet chemical method : 478 nm and 573 nm (Aex = 390 nm), owing to transitions of *Fo; = ®Hisp and *Fgjz = *Huspz
:;‘3 receptively. Under 396 nm excitation the Na3Pb;(S04);Cl:Eu** phosphor shows emission
Solid state lighting at 594nm and 616 nm due to 5Dg — ’F; and 5Do— 7F, transitions of Eu®* ions respec-
Phosphor tively. When Na3Pb;(S04)3Cl:Tb** phosphor was excited by 380 nm, the emission spectrum

showed intense green band at 545 nm due to °D4 — ”Fs transition in Tb3* ion. The PL emis-
sion spectrum of Na3Pb;(S04)3Cl:Sm3* phosphors by 405 nm excitation gave an emission
at 562 nm (4Gsj; - ®Hsjz), 598 nm (*Gsj; — ®Hyj) and 643 nm (4Gsjz = ®Hgpz). The CIE color
coordinates indicated that all the above phosphors were suitable as a white light-emitting
phosphor. SEM studies of the phosphors show that grain size of the powders prepared by
the wet chemical method is about ten micrometers range. From the obtained results it can
be concluded that Dy?*, Sm** Eu?* and Tb** doped Na3Pb,(504)3Cl phosphors are potential
candidates for solid state lighting applications in green technology. '

© 2016 Elsevier GmbH. All rights reserved.

1. Introduction

Rare-earth activated inorganic luminescence materials having special attention for developing new devices such as X-ray
imaging, radiation dosimetry, solid state lasers, fiber amplifiers and biosensors [1,2]. It is well known that Nakamura et al.
in 1997 developed the W-LEDs by combining blue LED chips and yellow-emitting phosphor [3]. The commercial YAG:Ce
yellow phosphors became available by Nichia Chemical Co. in 1997. This phosphor when excited by blue light gives emission
in yellow region [4,5]. YAG:Ce has a low color-rendering index due to lack of red component. Therefore it is necessary to
develop new red phosphors having excitation in the near-UV region or blué region [6,7]. The above disadvantage could be
overcome by developing a new stable phosphor by using a mixture of red and yellow emission with strong excitation band
at around 400 nm, having high color rendering index. The LED light source is the best potential light sources when compared
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ABSTRACT

In this paper effect of Ce** jon on Dy** and Mn?* ions in microcrystalline KMgSO4Cl host prepared by
ethanol (centrifuge technique) method has been discussed. In KMgSO,Cl sample X-ray diffraction (XRD),
scanning electron microscopy (SEM) and photoluminescence (PL) characteristics have been studied.
Powder X-ray diffraction analysis shows the crystalline nature of the phosphor prepared by this new
route. The morphological structures of the samples were conducted using SEM technique. An average
crystallite size was found to be 5 pm. Photoluminescence in KMgS0,4Cl:Ce3* is observed at 324 nm and
344 nm along with red emission broad band at around 644 nm. In KMgSO,Cl: Ce, Dy phosphor Ce3+
emission around 324 and 344 nm overlaps rather well with Dy** excitation. The addition of Ce3+
showed higher photoluminescence (PL) mtensuty for the Dy** emissions around 482 and 576 nim excited
via Ce®* ions at 284 nm due to *Fgp; to ®Hysy; and ®Hyap, levels. Ce3+ »~Mn?* energy transfer process
occurs in KMgSO4Cl host. KMgS0O4Cl: Mn does not give PL at 284 nm excitation but for co-doped samples
with cerium, Mn?* ijons exhibits efficient fluorescence at around 560 nm due to “T,-°A,; transition.
KMgSO0,4Cl: Dy or KMgSO4Cl: Mn directly exciting does not show any emission while addition of Mn2+,
enhances red emission of Ce** at 644 nm. The CIE co-ordinates of KMgSO4Cl:Ce; KMgS04Cl:Ce, Dy and
KMgS0,4Cl:Ce, Mn phosphors reveals that the emission colour varies from blue to deep-red. Hence this

material may be a potential lamp phosphor.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

By continuing the study on the same KMgSO4Cl host by
adopting new ethanol synthesis method (centrifuge technique),
we could successfully prepare it. Previously we have worked on
KMgSO4Cl: Ce; KMgS04Cl: Ce, Dy and KMgSO4Cl: Ce, Mn (S.C.
Gedam, S. J. Dhoble, S. V. Moharil J. Lumin. 124 (2007) 120-126) by
using wet chemical method. The luminescence properties of co-
activator compounds have received considerable interest. The
main interest has been received concerned with the utilization of
efficient energy migration on sensitizer to activator. Energy
transfer phenomena have led to the development of new and
efficient photoluminescence materials. Cerium doped materials
usually show strong broad- band PL. The luminescence is very
strongly dependent on the host lattice and can occur from the
ultraviolet to the red region of the electromagnetic spectrum. Ce3+
emission results from 5d to 4 f type of transition. As far as the

* Corresponding author.
E-mail address: gedam_sc@rediffmail.com (S.C. Gedam).

http://dx.doi.org/10.1016/j.jlumin.2015.12.005
0022-2313/® 2015 Elsevier B.V. All rights reserved.

spectroscopy is concerned, the Ce3* ground state [1,2] is split
between ?Fs; and ?F;j; and these are the only levels possible for
4 f configuration. f-f transition in Ge3* is in the IR region. At room
temperature, they occur as unresolved bands with a maximum at
about 2200-2300 cm™~! and half width of 250-300 cm~". The
excited state, above sz level, belongs to 5d configuration in the
form of broad bands. Energy transfer process from Ce to activators
in different host matrices is well known. Broad band emitters are
often used to sensitize the luminescence of RE ions. Optical tran-
sitions within a 4f" configuration are so strongly forbidden that
they appear ih the absorption spectra as very weak. However,
excitation rei;ulting in high light output can be achieved by
exciting a different ion (i.e., sensitizer) with an optically allowed
transition which transfers the excitation energy to the RE activator.

Efficient energy transfer from the broad (i.e. Ce3*+) to the narrow-
line emitter (i.e, Dy ** or Mn 2*) is possible only between nearest
neighbours in the crystal lattice and optimal spectral overlap. If the
spectral overlap is small, only partial energy transfer is possible. CaF,.
Mn does not give any fluorescence under the UV excitation while
CaF,: Ce gives a characteristic Ce3*+ fluorescence emxssxon with UV
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Abstract

A detailed investigation of the thermoluminescence (TL) properties of y-ray and C3* ion
beam irradiated K,CaMg(S0,);:Dy (KCM) phosphor was carried out. KCM was irradiated
by 50 and 75 MeV energy C°* jon beams with a fluence range of 15 x 10'° jons em™2 to
30 x 10" ions cm™2. The TL glow curves along with the response curves of these phosphor
samples were analyzed and compared with commercial CaSO4:Dy phosphor. The TL glow
curves of the phosphor exposed to y-rays from ®Co and 3’Cs sources were also examined
in this study for comparative analysis. Theoretical analysis of the glow curves of the C3+
ion beam and y-ray irradiated samples was performed using the glow curve deconvolution
method. SRIM/ TRIM simulations were performed in order to identify the jon beam profile,
range, distribution, etc. The enhancement in the intensity of the low temperature glow peak
is explained with the help of an energy level model and the decrease in TL intensity with
increasing ion fluence is also cxplored in detail. The radicals produced after irradiation
were verified using the electron paramagnetic resonance (EPR) technique. The effects of
temperature and microwave power on the EPR signal are also studied. '

Keywords: swift heavy ions, dosimetry, thermoluminescence, radiations, glow curves
Online supplementary data available from stacks.iop.org/JPhysD/49/095102/mmedia

(Some figures may appear in colour only in the online journal)

L
1. Introduction upon the dose absorbed by the material, an increase in the
dose will lead to an increase in the TL emission, within cer-
tain limits of doses. The TL technique is also used in dosim-
etry of heavy ion beams [5, 6]. Phosphors show different TL
responses to conventional photon beams and heavy charge
particle beams [7-9]. This variation in TL response is due
to the differences in_dose distribution of the radiation used

Thermoluminescence (TL) is one of the most commonly used
techniques in the dosimetry of ionizing radiation [1-4]. It is
also one of the simplest methods for dose determination, in
which the dose absorbed by the sample is estimated using the
TL output during TL measurements. The light output depends
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Novel photoluminescence properties of Eu** doped chlorapatite phosphor
synthesized via sol-gel method
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ARTICLEINFO ABSTRACT

"~ Keywords: Chlorapatite phosphors having formula Cas.67.0(P04)eCl; o4XxEu®* (x = 0.05 mol%, 0.1 mol%, 0.3 mol%, 0.5
Cayg,97(P04)6Clr.o4 mol%, 0.7 mol% and 1 mol%) were synthesized by sol-gel synthesis method. X-ray diffraction (XRD) pattern of
Photoluminescence the synthesized sample was obtained to ensure the formation of compound. Crystallographic study was done by
:013'5“ synthesis performing Rietveld refinement analysis. Surface morphology of the compound was examined by obtaining

u

scanning electron microscopy (SEM) images. Photolurninescence (PL) emission spectra show intense emission
peak at 574 nm and relatively less intense peaks at 601 nm, 623 nm and 629 nm with 461 nm excifation.
Emission peak located at 574 nm is very intense in this compound which is rarely observed for Eu** jons doping.
PL decay is obtained and sitc sclective transition of Eu®* ion in apatite host is discussed. Commission
) International de I'Eclairage (CIE) chromaticity color coordinates of this phosphor were calculated. CIE-chro-

maticity color coordinates shows yellowish-orange emission of the phosphor.

1. Introduction

Europium ion is vigorously studied activator in the field of lumi-
nescence and extremely useful as a dopant in phosphors for LED and
display devises, sensor [1-4]. It can exist in Eu* as well as Eu®>* forms.
Eu®* ion possess interconfigurational 4f-4f transitions which are for-
bidden transitions and Eu?* ion possess 4{-5d transition which is al-
lowed transition. 4f-4f transitions of Eu®* jons are hypersensitive

_ transition [5-7]. Depending on the chemical environment present

* around the crystallographic site, which is available for doping of Eu®*

ions, some forbidden transitions become allowed and blue-green-red
emissions can be seen. Site dependent emissions of Eu®* ions is utilized
by researchers to study local structural symmetry in host [8,9]. In Eu3*
doped compound, absorption of energy can be done either by 4f-4f
transition or charge transfer (CT) transition. Excitation peak corre-
sponding to CT transition is called as CT band. CT band is the result of
interaction of 0%~ ions with Eu®* ions. The position of the CT band
varies depending on the band 'gap of host materials [10]. Thus, by se-
lecting the appropriate host material, desired absorption and emission
spectrum of Eu** ions can be obtained and structural study can be
done.

In present work, photoluminescence of Eu®* ions in chlorapatite
system has been studied. Apatite family of compounds is an important
class of inorganic compounds and contains large number of compounds

* Corresponding author.
E-mail address: sjdhoble@rediffmail.com (S.J. Dhoble).
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with different elemental constituents. Apatites are widely distributed
minerals in igneous rock. They have the general formula, Ca;o(PO,4)eXa,
where X is F (fluorapatite, FAp), OH (hydroxyapatite, OHAp), or Cl
(chlorapatite, CIAp). Ca can be replaced by Sr, Ba, Na and Pb. OHAp is
the mineral of bone and teeth [11]. Apatite lattice is very tolerant for
substitution of rare earth elements or transition metal ions. Therefore,
doping of activator ions can be done very easily without disturbing the
overall stability and crystal structure of the host. Cas(PO,)F:Mn?*,
Sb3* (Ca-FAp) compound is the well-known lamp phosphor used in
fluorescent lamp industry [12]. Therefore, rare earth doped apatite is
always an interesting topic for researchers which motivates us to carry
out this work. o

The calcium chlorapatite Ca;o(PO4)¢Cl, (ClAp) is an important
compound of apatite family. Ca;o(PO4)sCl; exists as two polymorphs: a
monoclinic phase with space group P21/b at low temperature and the
typical hexagonal phase with space group P63/m after thermal treat-
ment above 350 °C. In calcium chlorapatite, there are two crystal-
lographically distinct Ca atoms having C; and C3 symmetry [13]. Rare
earth doped calcjium chlorapatite compound is synthesized by some
researchers and different strategies were developed for the synthesis of
chlorapatite begause synthesis techniques can change the photo-
luminescence property of compound [14]. Zhang et al. synthesized
Eu®* and Tb®* co-doped Ca, o(PO,)sCl, phosphor by conventional solid
state synthesis method [15]. Kim et al. studied photoluminescence
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1. Introduction

On the study of the C®* ion beam and y-ray
induced effect on structural and luminescence
propeities of Eu doped LiNaSO,: explanation of
TSL mechanism using PL, TL and EPR study

Karan Kumar Gupta,® R. M. Kadam,” > N. S. Dhoble, S. P. Lochab® and

S. J. Dhoble 9 *°

The present paper reports on the y-ray and C®* ion beam induced effect on the structural and
luminescence properties of Eu doped LiNaSO4 phosphors synthasized via wet the chemical method.
The material was irradiated by *°Co and *Cs y-rays and 75 MeV C®" ions in a fluence range varying
from 2 x 10' to 1 x 10" ion per cm?. The ion induced modified properties were investigated using
X-ray diffraction (XRD), micro-Raman spectroscopy, photoluminescence (PL), thermoluiminescence (TL)
and electron paramagnetic resonance (EPR) studies. The XRD and micro-Raman results confirm the loss
of crystallinity and elongation of the lattice parameters after ion beam irradiation. The presence of both
divalent as well as trivalent states of Eu ions at multiple sites of LiNaSO, is observed by PL study.
Irradiation of the LiNaSO4:Eu phosphor with a C5* ion beam modifies the population of the valence
state of the doped rare earth Eu ion and enhances the TL sensitivity of this phosphor. The nature of the
prominent TL glow curve is identical for both y-ray and C®* ion beam irradiated materials while
additional deep trap levels appear in the latter due to the formation of several types of cation and anion
vacancy. The electron paramagnetic resonance (EPR) technique also supports the presence of the Eu
ion at multiple sites and provides information regarding several types of radical produced after y-ray and
C5* jon irradiation. Finally, a mechanism is presented for the thermally stimulated luminescence
phenomenon on the basis of our observed results from the PL, TL and EPR studies. The reason behind
ion beam irradiation induced modification of the TL properties and enhancement of luminescence
intensity is also explained in this report.

mechanical, electrical, and chemical properties of materials
in a precise way due to the deposition of highly energetic

Irradiation of rare earth-doped phosphors with photons or
heavy charged particles (HCPs) induces some modification in
the structural and optical properties of the phosphors. Such
irradiation induced modifications have been widely studied in
the past few decades for their everyday applications in the fields
of nuclear science, materials science and natural science.!™
HCPs are regarded as the'best tool to explore the mechanism of
ion interaction with matter and the consequent formation of
new trap centers or point defects in the materials.* Heavy ion
beam irradiations lead to changes in the optical, structural,

“ Department of Physics, RTM Nagpur University, Nagpur-440033, India.
E-mail: sjdhoble@rediffmail.com
Radiochemistry Division, Bhabha Atomic Research Centre, Trombay 400 085,
India

¢ Department of Chemistry, Sevadal Mahila Mahavidyalaya, Nagpur-440009, India

4 Inter University Accelerator Center, Aruna Asaf Ali Marg, New Delhi-110067, India

1540 | Phys. Chem. Chem. Phys., 2018, 20, 1540—
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" Umrer Road, Nagpur-9.

charged particles with wide ranges of energy.'” When energetic
ion beams interact with materials they lose their energies in
two modes, (i) nuclear and (ii) electronic stopping. Nuclear
stopping is dominant at low energies while elcctronic stopping
is dominant at high energies where the displacement of atoms
due to elastic collisions is insignificant.® Electronic energy loss
causes intense electronic excitation or ionization of atoms by
inelastic collisions along the ion trajectory. This process creates
new defect centers in the materials. HCP irradiation may also
result in the fbss of crystallinity due to the creation of lattice
defects in the host matrix of studied materials.” The defects
produced in the target materials can also be influenced by the
types of ion used as well as the ion energy and fluences. There
are several studies on the formation of point defects, new trap
centers, and the rearrangement of existing defect centers after
swift heavy ion beam (SHI) irradiation which gives a clear
indication about the improved luminescence properties of
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Abstract

5r,B50,Cl: Dy phosphor was synthesized by modified solid state diffusion method and the impact of C** jon-beam on its TL
behavior was studied in detail. Phosphor was annealed at 1000 °C for obtaining single phase host. XRD technique was used
to confirm the formation of the material and was matched with JCPDS-27-08835. The synthesized phosphor was character-
ized for photoluminescent spectra. Characteristic emission at 484 nm (*F,—°H, 5,) and 575 nm (*For,—H, 3,) confirms
the presence of Dy’ ions in the S1,B50,Cl host matrix. Further TL properties of the synthesized material weie studied for
fluence range 1.5%10''-30x 10" jon/cm? (i.e. 40.14-802.9 kGy dose) of C** jon-beam (75 MeV) and were found to show
the non linear behavior between a dose range 40.14-802.9 kGy. TL glow curve for Sr,Bs0,Cl:Dy irradiated with C>* jon-

beam (75 MeV) was compared with that of y-ray irradiated phosphor. TRIM/SRIM calculations were performed to correlate

the changes in TL properties of Sr,Bs0,Cl:Dy phosphor.

1 Introduction

The measurement of radiation doses is one of the impor-
tant areas of research due to the fact that radiation above a
permissible dose is harmful to human kind. Thermolumi-
nescence is a very useful technique to estimate the quan-
tity of absorbed dose of ionizing radiations. Practically,
thermoluminescence dosimeter (TLD) badges are used
for environment, personal, space, health and many more
radiation monitoring applications [1-4]. Today, there are a
number of commercial TL dosimeters available for users
as TLD badges and are mostly based on oxides, fluorides
and sulphates. However, each of these dosimeters has their
own strengths and shortcomings in certain areas such as in
the low or high radiation zones. For this reason continuous
efforts have been made by the research community world-
wide to develop new materials and to improve dosimetric
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properties of already available materials as efficient TLD
material in the form of low Z 4 (tissue equivalence) as well
as high Z g that can be used in different areas with low or
high levels of radiations. Most of the phosphors can be used
as TLDs within a specific range of radiation doses and not
for all doses from very low to very high range because it
depends on various factors including linearity, precision,
dose rate, fading, reproducibility, and others. Thus there is
a need to explore more sensitive materials that show lin-
earity of TL response in the large range, materials which
are energy independent, thermally stable and have low fad-
ing. Moreover there is a continuous demand for efficient TL
dosimeters for monitoring high dose levels of swift heavy
ions (SHI) that are growing daily as these ions are used
extensively in medical applications.

Ion beam therapy is found to have an important role in the
treatment of cancer as compare to the conventional photon
beam. In conventional beam irradiation the dose deposition
decreases in proportion to the penetration depth whereas in
ion beams it gradually increases, and then decreases rapidly
beyond a sharply defined maximum known as the Bragg
peak near thegnd of the range of the ion beams. Bragg peak
therapy offers the promise of excellent dose localization for
treatment of tumors. Therefore, ion beams are important
for treating tumors located deeply inside the body and is a
better option for cancer therapy to avoid the high risk sur-
gery and the side effects of medicinal drugs. Among vari-
ous types of ion beams, carbon ion beams particularly are
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1 | INTRODUCTION

Thermoluminescence (TL) has gained lots of popularity since the six-
tzenth century due to its applications in various {icids such as radia-
tion therapy, dosimetry, geology, space research and other research
related areas.!! TL is the thermally stimulated emission of light from
an insulator or a semiconductor following the previous absorption of
energy from ionizing or non-ionizing radiation.? The thermolumines-
cent properties of a number of materials has been investigated so
far and it is observed that mixed alkali/alkaline phosphate set up a
class of TL phosphors with worthy performances, particularly when
doped with appropriate activators or impurities.”®! Several materials

Abbreviations used: CTB, charge transfer band; EDX, eﬁy’dlsbe\;‘slve X-ray;

Eu, europium GCD, glow curve deconvolution,‘ MgP,0, 'ag;\e‘sium

like a-Al,04:C, LiF:Ti,Mg, and CaSO4:"D; due to their exceptional ther-
moluminescent properties such as high TL efficiency, thermal stability,
high sensitivity and reproducibility, are now widely used as thermolu-
minescent dosimeters (TLDs) in different fields of applications.!
Numerous applications of radiation in wide areas have motivated
towards the development of radiation dosimetric materials according
to the area of interest. Several luminescence based detectors (T LDs)
were developed"or the detection of radiation as well as quality con-
trol in radiation processing, and many novel dosimetric materials are
still being researched.’>¢! However, the saturation of TL response at
high dose (above 1 kGy) of irradiation is a major concemn for TL detec-
tors like LiF:Mg,Cu,P, MgB407:Dy and CaSO4:Dy."*”! The main reason
of TL saturation at high-dose exposure is due to the limited capacity of
electron traps which gets filled with free electrons created after ioni-
of phosphor materials.®! Moreover, this problem can be

re i on resistant material or materials having a

Luminescence. 2018;33:947-953.
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11 INTRODUCTIQN

Boron-based materials show interesting thermoluminescence (TL)
properties when exposed to ionizing radiation!*?), The luminescence
properties of lithium borate and magnesium borate in both micro-
crystalline and nanocrystalline forms have been studied previ-
ously!®™¥. Recently, researchers who studied lithium magnesium
borate phosphor found that .it was useful for applications in
dosimetry!>4l,

To date, only a few studies on LiMgBO3 have been reported!),

Recently, the TL properties of rare earth ion (RE = Tb

the solid state diffusion method, have been documented®!, LMB:Tb3*

showed the best results with a stable TL peak at 240°C. LMB:Tb®*
was about four times more sensitive than TLD-100. Optical properties
of LMB glasseg doped with Dy**,Sm* ions have been studied”.
Photoluminescence properties of LMB:Eu and LMB:Eu,Bi have also
been studied in detail®. LiMgBOz:Dy* in its polycrystalline form has
been prepared using a novel solution combustion method and its
TL sensitivity was found to be half compared with commercial TLD-
100 and showed a high degree of fading of 30% after 20 days!®.
Furthermore, LiMgBOsDy®** in its nanocrystalline form has
been prepared using the combustion method and its structural
and optical properties have been studied™*°!,

Luminescence. 2019;1-12.
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1 | INTRODUCTION

Radiation comes from natural, as well as anthropogenic sources. The
human response to radiation from different sources is subject to great
scientific uncertainty and intense controversy. Radiation can be used
in the treatment of diseases such as cancer, in which even small doses
of radiation might do some harm. Many factors are involved in finding
the effects of radiation exposure to health, such as the amount of
energy deposited in the tissue and the ability of the radiation to gen-
erate harm. The regulated international value for the equivalent dose
for a member of the general public is 1 mSv/year.[t2 Therefore, there
is a need to measure even small doses in the environment and very
high doses at times of accident such as radiation leakage in isotopic
laboratories and moreover for the treatment of cancer.
Thermoluminescence dosimetry (T LD) is one of the most important
techniques used to quantify the absorbed dose, in addition to other
techniques based on solid-state dosimetry such as radiation-induced
absorbance (RIA)®* In practice, TLD badges are used for different
radiation monitoring applications.®®! Therefore, there are many
oxide, fluoride and sulphate-based phosphors in the form of TL badges

available commercially. However, each of these_dosimeters is not

2 | N.S. Dhoble? |

"

suitable for all low or high radiation zones. Therefore, continuous
efforts is being made by researchers worldwide to develop new mate-
rials and to improve the dosimetric properties of existing materials to
be used as efficient TLD materials over a wide range of radiation
doses.[’-101 '

2 | DEVELOPMENTS IN TLD MATERIALS

Thermoluminescence (TL) was first described by Farrington Daniels
and colleagues!!! when introducing LiF as a TL material and that
was later patented as TLD-100 by the Harshaw Chemical Com-
pany.12%3 Many ndw dosimetric phosphors have been reported over
the last few decades that have different efficiencies for different dose

. ranges of radiation. Nanophosphors have a potential role in many R&D

areas such as medical"**5! accidental ¥l retrospective, 17181 per

sonal*®! thermal neutron(2?! dosimetry, solid-state lighting!?222 and
2D optical stimulated luminescence (OSL) mapping.?® Many standard
commercial dosimeters are now available, the most famous being LiF:
Mg,Cu,P (TLD-700H), Al,O5 (TLD- 500), CaSO,:Dy (TLD-900) and

Can Dy (TLD- ZO@“] Each of these phosphors cannot be used

Luminescence. 2019;1-10.
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1 | INTRODUCTION

Due to the vast increase in demand for energy from industry and for
households and commercial purposes, the level of power generated
based on coal and fossil fuel technologies is growing rapidly and
hence the levels of CO, and other harmful gases in our environment
are increasing. This increase has a detrimental effect on human health
and the health of other living animals due to changes in water, soil
and air qualities. Many reséarch groups and organizations are making
increased efforts to develop both environmentally friendly energy
generation and energy-saving technologies for the sustainable devel-
opment of mankind. Many existing technologies devéloped by scien-
tists have been proposed and proven in practice to have the capacity
to produce new and renewable sources of energy generation that are
based on geothermal energy, wind energy, solar energy, and hydro-
thermal energy etc.!¥! These natural resources are available depending
on the geographical and geological resources of each country. Of the
different natural resources, the Sun is the main contributor to life on
Earth and development of the global environment Natural sunlight is

D.A.Ovhal® |

S.J. Dhoble®

N.S. Dhoble® |

compared with other resources. Therefore solar photovoltaic technol-
ogy is the best alternative for energy generation, as it uses a green
and non-polluting source.”) We should not only think about environ-
mentally friendly sources of energy, But also focus on energy-saving
technologies. In the area of power generation and utilization, some
energy is used for indoor or outdoor lighting, and for decoration etc.
Therefore there is a second challenge to develop low-cost, non-toxic,
energy-saving products that are environmentally sustainable. Com-
pared with lighting devices used over the past few decades such as
incandescent ar compact fluorescent lamps (CFL), light-emitting
diodes (LED) are an emerging lighting source for the 21st century
based on their special merits of long operating lifetime, energy-saving
potential, high brightness, and much reduced toxicity compared with
incandescent or fluorescent light sources.”®! Therefore, indirectly, they
help to control the level of greenhouse gases in the atomoshere due
to their energy-saving capabilities. LEDs have many advantages and
are a much safer alternative to current lighting devices used at com-
mercial and industrial levels!*¢! White LEDs (WLED) are made using

~ ethods (1) by combining near-ultraviolgt (NUV) LED chips with

available everywhere and in larger amoy mo;f:countnes wheni > RGB pho hors; and (2) by combining bly 3 yettow phos
a \\ : R ) rine
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1 | INTRODUCTION

Luminescence is the emission of cold light at normal room tempera-
ture. There are many types of
photoluminescence!,

luminescence such as

mechanoluminescencel?,  electrolumines-
cence®®, magneto-luminescence', cathodoluminescence'), biolumi-
nescence'®, and thermoluminescence ™7 Each emission is named
after its source of energy. TL is one type of luminescence that is
mainly emitted from insulators. The main source of energy in this bro-
cess is heat, which activates the luminescence.® TL is totally depen-
dent on the amount of radiation absorbed by the dose substance.
This method is widely used to measure the dose absorbed in a radia-
tion protection area as in TL dosimetry.”-*! LiF:MgTil2, Caso,:
Dy**1*¥ and CaSO,Tm'™ etc. are commercial TL materials used as
medical, personal, or environmental dosimeters. Many commercial

thermoluminescent dosimeter (TLD) materials are used extensively

Luminescence. 2019;1-9.

reproducibility, however few TLD mat.erials are used in the specialized
field of radiation affected regions.*5-1! Therefore increased interest
has been generated in find natural geological natural materials that
could replace commercial phosphors (Figs 1-18).
Thermoluminescence is a useful phenomenon to characterize traps
and lattice defects in broad band gap materials in which light is radi-
ated from heated materials due to the release of trapped stored elec-
trons.?! The released electrons recombine at luminescence centres,
giving out a glpw. From this TL glow peak, information on trapping
parameters such as trap depth or activation energy of the charge trap,
and the trap attempt-to-escape frequency, known as the frequency
factor, can be gained. For use in dosimetry, the TL peak should be gen-
erated at a high temperature, around 473 K. Dosimetric properties of
TL materials mainly rely on trapping parameters such as activation
energy (E), frequency factor (s), order of kinetics (b) and peak temper-
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The fluoroapatite CagLa(PQ4)s(SiO4)FCl:1 mol% Eu3* phosphor was synthesized by conventional solid
state reaction. In the present work keeping concentration of F;Cl; constant and (PO4)*" of the material
was replace by (MoO,4)?~. The phase purity and surface morphology was evaluated through X-ray diffrac-
tion and scanning electron microscope technique. The emission and excitation spectra were investigated
using photoluminescence spectroscopy. The excitation and emission spectra indicate that prepared phos-

Xerwords phor effectively excited by 278 nm, exhibits emission peak at 595 nm and 616 nm corresponds to yellow
ﬂmpa'tite and red colour attributes to Do—’F, and *Dy—F, transitions respectively. The above result reveals pre-
Red phosphor pared phosphor is excellent red phosphor in white light emitting diode application.

White LED © 2019 Elsevier Ltd. All rights reserved.

Photoluminescence

Selection and Peer-review under responsibility of the scientific committee of the 11th National Confer-

ence on Solid State Chemistry and Allied Areas.

1. Introduction

Recently in comparison with conventional incandescent or flu-
orescent lamp white light emitting diode (w-LED) receive promis-
ing attention in the field of solid state technology due its unique
characteristics includes, intense luminous efficiency, long opera-
tional stability, mercury free, eco-friendly, low power consumption
reveals wide application prospects [1-3]. In general, white LEDs
(W-LEDs) available in market can be manufactured by combining
yellow emitting phosphor with blue InGaN chip, However this type
of w-LEDs suffer limitation includes low colour rending index(CRI)
and high correlated color temperature (CCT) due to deficiency of
sufficient red emission [4,5]. This limitations is overcome by adopt-
ing alternative approach for the formation w-LEDs, by means of
coupling of near- ultraviolet (n-UV) InGaN- based chip with tri-
color (RGB) phosphor, but still has disadvantage of low efficiency
due to re-absorption of blue light by red and green phosphor [6].
It leads to development of alternative red or tunable phosphor
with excellent stability and suitable excitation wavelength in the

* Corresponding authors.

E-mail addresses: cmmehare18@gmail.com (C.M. Mehare), sjdhoble@rediffmail.
com (S.J. Dhoble).

https://doi.org/10.1016/j.matpr.2020.04.519
2214-7853/© 2019 Elsevier Ltd. All rights reserved.
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"

n-UV region. Recently, apatite-type based phosphor received more
attention as a host luminescence materials owing to their remark-
able luminescent efficiency and excellent chemical and thermal
stability [7,8].

The compounds belongs to apatite family will be iso-structural
in nature, compose of hexagonal symmetry (space group of P63/m)
consisting general formula A;o[PO4)Z, where A- indicates divalent
cations includes Ca2*, Ba**, Mg?*, Pb?*, Sr**, Fe?*, Mn?* etc. Z- rep-
resent F, Cl, Br or O. With consideration of structural morphology
[PO4P*~ can be substituted by [SiO4]*~, [BO4J*~ and [VO,J*-
[6.9,10]. The compounds with apatite structure reveals the capabil-
ity of substitution by versatile ions and forming the changeable
solid state solution apatite structure, attributes to the tunable
luminescence followed by excellent luminescent properties, hence
gain more interest for the synthesis novel inorganic framework
with new compound belong to apatite structure.

In the present work we report the synthesis of Cagla(PO4)s_x
(Mo0O4)x(Si04)F;Cly:1mol% Eu®* fluoroapatite type phosphor by
solid state reaction method, further [PO4]>~ of the host is replace
by [MoO4*~ and their luminescent properties are investigated.
The formation of as-prepared phosphor was further confirmed by
X-ray diffraction (XRD) and scanning electron microscopy (SEM)
analysis. '
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ARTICLE INFO ABSTRACT

Article history: The Na;4AlSi;30s:: Dy** phosphor is synthesized by combustion method and prepared sample was
:’C‘;": ;2 Ma_fcehd 2’20 ik characterized by X-ray Diffraction, SEM, FT-IR and Thermoluminescence (TL) techniques. TL characteris-
A:E:;ted ;‘;‘:‘;',52020““ ay 2020 tics show the quenching at 3 mol% of Dy** ion activated Na;4Al;,Si;30s;: Dy** phosphor with single TL

glow peak 154 °C at higher temperature. Prepared phosphor material was irradiated oxygen ion beam

Available online 11 June 2020 "
I at different fluences range from 5 x 10 to 1 x 10" ions/cm?. Chens peak method and computerized

N

oy glow curve deconvolutation method was used to evaluate the trapping parameters namely, activation

Thennoll;minescence energy, frequency factor, kinetic order associated with the main glow curve in Na;4Al;;Si;305:: Dy**

Oxygen ion beam phosphor after irradiation.

Trapping parameter .

Phosphor © 2019 Elsevier Ltd. All rights reserved.

XRD Selection and Peer-review under responsibility of the scientific committee of the 11th National Confer-
ence on Solid State Chemistry and Allied Areas.

1. Introduction

Numerous techniques is available to prepare phosphors such as
solid state reaction [1], wet chemical methods [2], solution com-
bustion [3], sol-gel [4], spray pyrolysis [5], co-precipitation

“method [6], heterogeneous precipitation method [7], chemical
vapor deposition etc. Among wet chemical methods, ‘solution com-
bustion synthesis’ has different advantages. It requires simple
apparatus and the materials used are more economical [8]. It
requires low energy, short time and this technique may also be
employed to turn out standardized, high-purity, crystalline oxides.
The nature of crystalline, surface area and agglomeration of the
synthesized products are primarily governed by flame temperature
during combustion which itself dependents on the nature of the
fuel and the fuel to oxidizer ratio [9]. It is known that, a good fuel
should react nonviolently without producing venomous gasses and
act as a complexing agent for metal ions. While the solid state reac-
tion method has several shortcomings such as prolonged reaction
time, larger size grain growth and poor homogeneity.

The combustion synthesis process is to dissolve metal nitrate

and fuel in water, and then to heat the solution in a microwave

* Corresponding author.
E-mail address: sjdhoble@reddifmail.com (S.J. Dhoble).
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oven. The fuel and metal nitrate decomposing and give flammable
gases such as NH;3 and NO,, respectively. After the solution reaches
the point of spontaneous combustion, it begins burning and
becomes a solid, which burns at high temperature. The combustion
is not finished until all the flammable substances are all burned out
and it turns out to be a loose substances which show voids, pores,
and high friable formed by the escapmg gases during the combus-
tion reaction.

Thermoluminescence (TL) has been a dynamic field of research
in the present decade because of its broad function potential
[10,11]. Its most remarkable application has been in its utilization
in radiation dosimetry. lonizing radiation dosimeters, which
depend on the thermoluminescence properties of materials, have
helped in the arrangements of numerous dosimetric issues due
to their long time stockpiling limits, autonomy of portion with
radiation forces, ease with which estimations are done and light
weight [12]. ¢

Thermoluminescence is the production of light (generally in the
visible region) when a TL phosphor already exposed to ionizing
radiation (, B, X) is heated. The plot of light production with time
at dissimilar temperatures is known the glow curve and the area
below the glow curve can be associated to the dose of radiation.
The glow curve not only supports accurate estimation of the dose,
it can also assist in maintaining the superiority of dose estimation
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- concentration for studying TL propertles of CagLa(PO4)5 (SiO4)F3: Eu
madnated wnth 2 rays and 75 MeV 05t jon-beam respectively.

1. Introduction 5

Over the past few years, many inorganic compounds activated by rare earth metals, such
as silicates, phosphates, borates, aluminates and sulphides, have attracted great attention
for their applications in different fields (7-13). Furthermore, these days, the synthesis of
different novel phosphors has become the current topic of the research community due
to their excellent luminescent properties required for solid-state lightening. Some of these
competent phosphors are Apatite-type phosphors with fivourable chemical and thermal
stability and excellent luminescent properties (14). Apatite compound represents a simi-
lar structure as the natural mineral fluorapatite Ca;o(PO4)gF>. It is having general chemical
formula as A1(PO4)sZ2, where A represents cations such as Ca2+, Mn2+, Ba2t, S+, Fe2t,

Mg?* and Pb?* and Z represents F, Cl, Br or O. Moreover, [PO4]3~ can also be replaced
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In the present paper, we have successfully synthesized Eu?* activated K3Ca(SO4)sF phosphor by two-
step solid-state reaction method at high temperature (800 °C). Pure crystalline formation, morpholog-
ical behavior, and their vibration bonds of synthesized Eu?* activated K3Cay(SO4)sF phosphor were
verified by the X-ray diffraction (XRD), Scanning Electron Microscopy (SEM) and Fourier transform
Infrared Spectrum (FT-IR). The photoluminescence (PL) spectrum and CIE coordinate with color purity
also characterized. In PL emission spectra clearly represented that broad excitation band from 250 nm to
400 nm ranged. The center of this PL excitation spectra observe at 326 nm, but some parts of these
spectra lies to 350 nm—400 nm. This excitation wavelength is very useful for the generation of white
light because it may be used as near UV light. PL emission represents broad emission spectra from
400 nm to 550 nm centred at 440 nm. Most part of these PL emission spectra lies in the blue region of the
spectrum. PL spectra arise from the transitions between the 5d and 4f orbital's transition of Eu?* ions. EVI
parameters such as Stokes Shift (AEs), the Huang-Rhys factor (S),effective phonon energy (hw) and the
Zero-phonon line (ZPL) are calculated. In our present work, we are calculated that the value of Huang
—Rhys factor constant (S) is 3.74 that means coupling is intermediately strong. CIE chromaticity coor-
dinate of K3Caz(SO4)3F:xmol%Eu2+[x = 0.5, 2.0, 3.0, 5.0, 7.0, 10mol%] phosphor were also calculated by
using OSRAM SYLVANIA color calculator 1931. By using these CIE chromaticity coordinate was calculated
the value of color purity for each concentration of Eu?* jons. After seeing all results of synthesized
phosphor material we are concluded that it may be a better option used as commercial phosphor for
obtaining white light. So it may be a promising candidate for NUV WLEDs.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

also widely used in the field of Hg free fluorescent lamps, plasma
display panels, indoor lighting, cathode-ray tubes, solar cell,

In the age of digitization, the energy shortage more times felt
when the electrical power is generated on this planetis inefficiently
consumed for lighting applications. If energy is not utilized judi-
ciously and wisely for lighting then many problems are clearly
viewed on the planet because of the world population daily
increased and industrialization regularly improved [1,2]. Rare earth
activated inorganic phosphor has attracted a lot of attention due to
their excellent features. Rare earth activated inorganic phosphor
widely applied in the field of luminescence and their research has a
high impact on the energy and environmental sectors [3—5]. It is

* Corresponding author.
E-mail address: sjdhoble@rediffmail.com (S.J. Dhoble).

https://doi.org/10.1016/j.molstruc.2020.127957
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fingerprint detection, biosensing, phototherapy, plant growth,
white light-emitting diodes (WLEDs) and Dosimetric applications
[3—10]. Solid-state lighting (SSL) based devices are predicted to
play a crucial role in the coming few years. They offer to save huge
amounts of ‘electrical energy and reduce carbon emissions by
almost 28 m}llion metric tons per year globally [11]. In recent years,
phosphor converted white light-emitting diodeshasrevealed
extraordinary features and it becomes the best choice in lighting
technology due to their advanced technology and excellent prop-
erties such as compact size, high luminous efficiency, energy sav-
ings, long operation life-time, and environment-friendliness, etc
[2,12—14],which promise significant reductions in power con-
sumption and pollution from fossil fuel power plants [12]. Gener-
ally, LEDs are used as an indicator, rear lamps for vehicles,
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In this work NaCaMg(PO4); and Na;CaMg(PO4),.x(S04)x doped with europium, samarium and dyspro-
sium phosphors were synthesized by combustion method using urea as a fuel along with its optical,
structural and morphological investigations which may be applicabie for solid state lighting and near-UV
excited LED. The phase homogeneity of the phosphor was established by X-ray powder diffraction (XRD)
and characterized by scanning electron microscopy (SEM), photoluminescent (PL) spectroscopy and
room temperature FTIR spectrum. The photoluminescence (PL) properties were investigated under ul-

pom—— traviolet (UV) ray excitation. Preliminary studies showed that the phosphor might be promising candi-
Phosphors date as a light-conversion phosphor for the optical system. The luminescence intensity is enhanced
Chemical synthesis considerably by tuning the host matrices after core—shell formation due to degree of decrease of non-
Optical properties radiative rates rising from surface sagging bonds and surpassing agent.

X-ray diffraction © 2019 Elsevier B.V. All rights reserved.
White LED

1. Introduction described that the structure of Na,CaMg(P0O4), was interconnected

At present, solid state lightning (SSL) employs light-emitting
diodes to produce white light because of their mercury-free,
environmental friendliness, low energy consumption, high dura-
bility over the conventional incandescent and halogen lamp [1,2]. In
1991 Nakamura [3] provided a first improvement in solid state
lightning (SSL) research in the field of white light-emitting diodes
by his discovery of blue light-emitting diode (LED). Far along, in
1996, the first white LED was fabricated which used yellow phos-
phor (YAG:Ce) combined with blue GaN LED [4]. The above re-
ported techniques of generating white light has certain
shortcomings such as low color rendering index, radiance effect etc.
Consequently, to overcome these shortcomings the alternative
techniques to produce white light has been utilized by combining
blue, green, red phosphor with UV LED [5].

Phosphates based phosphors have pronounced compensating
attention in recent years because of their significant thermal,
structural assortment and a moderately short wavelength of optical
absorption power. In the midst of them, Na;CaMg(PO4)2 phosphor
was first designated by Fuchs et al. [6]. Subsequently Alkemper [7]

* Corresponding author.
E-mail address: sjdhoble@rediffmail.com (SJ. Dhoble).

https://doi.org/10.1016{j.molstruc.2019.126969
0022-2860/© 2019 Elsevier B.V. All rights reserved.

to the cluster of cations and [PO4] tetrahedral in the glaserite
structure as well, which has a monoclinic structure and a space
group of P21/c. Later, Youesaki and collaborators described the
structure and spectroscopic properties europium doped
Na;MMgP,0g (M: Ba, Sr, Ca) [8]. Lii et al. also reported the spec-
troscopic properties of europium doped blue-emitting Na,CaMg
(PO4),; phosphors [9]. There is only a solitary report that designates
the luminescent properties of Ce3* activated NayCaMg(PO4),,
phosphors [10]. Normally, phosphors are prepared by the
outmoded solid state reaction method. This method naturally
needs high temperature, time-consuming heating process and
consequent crushing for long time. The crushing procedure rec-
ompenses the phosphor planes, subsequently results in the loss of
emission intensity. Consequently the combustion synthesis has
fascinated considerable attention since it is beneficial in attaining
the uniquef chemical configurations with exclusive properties,
outstanding purity and moderately low reaction temperature,
ensuing in more homogeneous products, and it is also probable to
prepare phosphors in the smaller size [11].

To the best of our knowledge, no attention has been paid to the
luminescent properties of NazCaMg(P0O4)2:Eu+,Dy**,Sm*t and
very few reports are available on these particular phosphors.

In our work, Eu3*Dy**,Sm3*t doped NayCaMg(POs); and
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The present study reported synthesis of Dy**activated CaAl,Si40;; phosphor via combustion techniques.
The formation of crystal structure and surface morphology was analysed by X-ray diffraction pattern and
scanning electron microscopy. The photoluminescence spectrum reveals, the prepared phosphor material
exhibits an excellent emission at 422 nm, with two peaks around 479 nm (blue region) and 575 nm
(vellow region) monitor at excitation wavelength of near UV 369 nm. In addition, CIE color chromaticity
confirms the emission locate at the blue light region, revealed suitability of prepared phosphor in UV
excitable blue emission for white light emitting diode. The Thermoluminescence characterization of pre-
pared phosphor irradiated with a 8 Co y- ray source at dose rate of 7.2 kGy/hr was further carried out
using a Nucleonix TL 10091 TL reader. The tapping parameter such as activation energy (E) and frequency
factor (s) was calculated using Ilich’s method.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

The crucial need of energy saving and environmental protection
issue, facilitate the research on the development of white light-
emitting diodes (w-LEDs) for lighting due to their unique char-
acteristics includes, long life-span, high luminous efficiency, good

5y Operational stability, energy saving, fast switching, color quality as

well as environmental-friendly characteristics which can expected
to replace conventional source of light for world-wide in near
future [1-5]. Recently, the development of inorganic compounds,
especially the rare-earth-doped luminescent materials, has been
received more attention owing to their potential applications in
the field of lamp industries, field emission display (FEDs), radia-
tion dosimetry, solid state laser and white light-emitting diodes
(WLEDs) [6-10]. In the recent year there is extensive investigation
of phosphors are already carried out includes aluminates |11}, or-
thosilicates [12], nitrides [13,14], oxides [15,16], sulphides [17] etc.
Normally, the initial composition of the host materials, dopant con-
centrations and processing conditions define the luminescent char-
acterization of rare earth doped activated materials [18]. Among
the various reported host phosphors, the alumina-silicate have re-
ceived more attention owing to its numerous merit such as ex-

* Correspondence author.
E-mail address: sjdhoble®rediffmail.com (SJ. Dhoble).

https://dai.org/ 10.1016/j.molstruc.2020.129417
0022-2860/© 2020 Elsevier B.V. All rights reserved.

cellent luminous efficiency, long life time, low cost and remark-
able physical and chemical stability [19,20]. Initially, first w-LED
was invented by combination of blue LED with yellow phosphor
(YAG:Ce3+) however poor color rendering index and high corre-
lated color temperature limit its further commercialization [21].
Further approach adopted is to combine UV LED with RGB (red,
green, blue) phosphor but it's lower luminescent efficiency ow-
ing to strong absorption of blue light by red and green compo-
nent of phosphors which further hindered its utilization which
intensively drive the attention tqward the development of sin-
gle phase white light emitting’ phosphor [22,23]. A single-host
white-emitting phosphor usually reveals broad or multiple emis-
sion peaks in the visible region and hence paid crucial inclina-
tion for development of novel broadband or multi-peak emitting
UV or n-UV excitable w-LED with color stability [24,25]. In recent
decades, the rare earth doped activated phosphor gain prime posi-
tion in various filed such as lighting, photosynthesis enhancement,
and photodynamic for cancer therapeutics [26-28).The trivalent
Dy3+ ions exhibits two intense peaks in blue and yellow region at
about wavelehgth 479 nm corresponding to the 4ng—>5H15/2 and
575 nm corresponding to the 4]-'9,2—»5}{,3,2 transition representing
its potential application for white light emission [29,30]. The sili-
cate host phosphor doped with Dy3+ ions shows wide application
for generation of white light by simply varying the ratio of blue
and yellow part of intensities [31,32]. Moreover it plays as very
important role in many long lasting phosphor such as BaAl;Si; 03
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Sodium aluminosilicates NaAlSi;Og: Dy and NagAlgSiinOs2: Eu has been synthesized using Combustion
method. The formation of NagAlgSip032: Eu phosphor was confirmed by XRD, SEM and FTIR analysis.
Thermoluminescence properties of NaAlSi;Og: Dy and NagAlgSiio03;: Eu after irradiating with 75 MeV
05+ ion beam have been studied and are found to be similar. Both the phosphors show single TL glow
peak that is desirable for good dosimeter. Further both NaAlSi,Og: Dy and NasAlgSijoO3: Eu shows lin-
ear TL response for fluence range 1 x 10" jons/cm? to 1 x 10" jons/cm?. The trapping parameters for
both the samples were studied using Chen's peak shape method, Initial rise method and llich method
and found to have good agreement with each other. So, Sodium aluminosilicates NaAlSi,Os: Dy and
NagAlgSij0032: Eu can be useful in this particular range for their applications in radiation dosimetry.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Pyroxene mineral, Jadeite with composition NaAlSi;Og is recog-
nized as the gemstone Jade. It is basically an ornamental mineral,
known for its green varieties. It is a silicate of sodium and alu-
minium [1] It has excellent physical properties of higher hardness,
good luster etc [2-4]. Jadeite, as microcrystalline powder was syn-
thesized for the first time in 1948 [5], then different techniques
such as high pressure method [6-8], ultra high pressure and high
temperature polymerization method, ion injection method, high
pressure and high temperature (HPHT) method [9-11] were used.
The attention was paid to explore HPHT method. Later, Jadeites
were prepared under 5 GPa pressure and properties were found
to be similar as natural Jadeite [12]. Then pressure of 5 GPa- 5.5
GPa and temperature 1300 °C- 1500 °C [13] and pressure of 3.5
GPa and temperature range 1000 °C- 1400 °C [1] was used to pre-
pare Jadeites to get improved properties. Further, theoretical sim-
ulation calculations were carried out successfully [14-19]. More-
over structural properties of Jadeite were studied using plane -
wave pseudopotential density functional theory method [8]. Very
recently, our group has synthesized NaAlSi;Og: Dy using combus-
tion method for the first time and their TL properties were studied
using y-ray exposure [20].

* Corresponding author.
E-mail address: sjdhoble@rediffmail.com (S.J. Dhoble).

https://doi.org/10.1016/j.molstruc.2020.129135
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Further, by changing the elemental composition Hexa Alumi-
nosilicate with chemical formula NagAlgSij0O3; was obtained [21].
It has two different sizes of cavities to be used as nano- molecu-
lar sieving material and environmental catalyst. The material was
designed and visualized using computerized programme. The sam-
ple was then prepared by conventional solid state reaction method
for its applications. A very little work has been reported for
NagAlgSi;g032 phosphor and especially no work has been found for
the TL properties of Oxygen ion beam irradiated synthesized sam-
ples. Moreover in the current era of research radiation dosimetry
heavy ion been is gaining lot of jmportance. So, in the light of liter-
ature survey, the present work is focused on thermoluminescence
properties of alumino silicates, NaAlSi,Og: Dy and NagAlgSiyg032:
Eu after irradiating the samples with 75 MeV 05+ ion beam for
their applications in radiation dosimetry.

2. Experimental

NaAlSi;Qg: Dy was synthesized using Combustion method and
is reported earlier by our group [20]. NagAlgSi1g032:Eut phosphor
was also prepared using the starting materials NaNO;, Al (NO3)s,
Si0,, NH2-CO-NHj in the stiochometric ratio 6:6:10. NH,-CO-NH,
acted as fuel for combustion and rare earth element Europium
oxide is used as doping agent, after dissolving in Nitric Acid. All
the materials were mixed and crushed together in a pestle mor-
tar to form homogeneous liquid mixture that was heated in muf-
fle furnace preheated at 550 °C. The mixture produced flameless
combustion to form required phosphor in the powder form. The
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Synthesis and optical properties of innovative degradable
black pepper composite material

Archana S Deshpande!”, Yatish R Parauha', Sarang J Deshpande? N S

Dhoble? and S J Dhoble!

1Departmentof Physics, R.T.M. Nagpur Universi ia
2Shree Bramhachaitanya Ayurveda, Anand Palace - 5, Nadanwan, Na gpur-440009
3Department of Chemistry, Sevadal Mahila Mahavidhyalaya, Nagpur-440009, India

*Corresponding a uthor Email: asd.223 @rediffmail.com

Abstract. Widely used as a medicinal plantin Ayurveda black pepper s also a main content of
spices. Easily available of suchkind of herbis studied the first time as a luminescence pointof
view. In this paper, we have studied luminescence characteristics of black pepper samples and
check theirproperties for LED applications which are synthesized in four parts 1) Pure powder
of black pepper 2) Black Pepper Solution by ethanol 3) Europium (Eu) doped black pepper
solution and 4) Black Pepper thin film. The synthesized samples were characterized by
Photoluminescence (PL) techniques. The PL characteristics for all four samples showed
interesting results. Pure black pepper powder showed PL emission at 471nm under 421nm
excitation wavelength. Black pepper solution shows an emission band around 430nm under
397nm excitation. Europium doped black pepper solution shows two emission peaks at 516nm
and 658nm under 440nm excitation wavelength. Thin-film of pure black pepper shows an
emission band around 454nm under 390nm excitation wavelength. The CIE Chromaticity
Coordinates of the Black Pepper and other synthesized samples shows color co-ordinates near
the blue and white region in the visible spectrum. These CIE chromaticity co-ordinates
demonstrate high spectial characterization of developed materials such as high color purity and

excellent chromaticity co-ordinates. The entire photoluminescence results indicated that
synthesized samples have promising potential for LED applications. _ »
Keywords: Black Pepper; degradable; Photoluminescence; LED

1. Introduction
In the last decades, white light-emitting diodes (WLEDs) have attracted the special attention of research
society, people, researchers and currently it has become the most promising lighting device [1].
Incredibly, WLEDs will be used more widely in the coming generation and will lead to a new phosphor
research program, because they have marvelous advantages such as high brightness, good reliability,
fast response, environmental friendliness, long operating lifetime, low electricity consumption, etc [1,
2]. In the current scenario, numerous researchers and scholars are working in the field of luminescence,
and they have paid more attention towards the synthesis and characterization of luminescent materials
because it is widely used for various application such as field emission displays (FED) solid-state laser
media, infrared to-visible up-converters, Solid state lighting, Solar Cell fiber amplifiers, etc [3, 4].

In the present study, black pepper material were studied for study of luminscence properties,
that study revealed pepper family is one of the best families that showmg enormous potential in the field
of luminesence, it is also known aceae [5] Black pepper is easily available and mg@st commonly
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Abstract. The photoluminescence analytical study of Ce** doped Ca14Al10ZnsO3s phosphors is
done in this research work. Powder X-ray diffraction technique (XRD)along with scanning
electron microscope ie. (SEM), CIE colour coordinates including their PL properties with
emission intensity effecttoo were analyzed for the characteristics of prepared phosphors. In
the instanceof CasAlinZnsOss:Ce*, theemissionspectra demonstrates anexclusive 442 nm
centered band corresponding to Ce** 's 4f-5d transition. The result specifies that the Ce*
activated CauAloZneOss phosphorcould find out applications in the light
phosphor production.

Keyword: - Photoluminescence, XRD, SEM, CIE,

1. Introduction

Synthetic alkaline rare earth aluminates enabled by Ce’* ions are professional luminescence
compounds, exhibiting a blue emission marked by excellent quantum output under UV excitation [1].
They are commonly used in PDPs, field emission displays (FEDs), and fluorescence lamps [2, 3]. The
solid-state reaction process usually produces alkaline earth aluminate phosphors. Combustion
synthesis is a new method introduced to the production of phosphor over the last few years [4].
Synthesis of the combustion involves an exothermic reaction among metal nitrates and a fuel. This
method creates the as- synthesized state of strongly crystalline powders. Within this paper the
specimen of the Ce** co-doped CaisAlioZnsOss were synthesized through an easy process of
combustion. We investigated their emission and excitation spectra, and identified a blue afterglow.
The effectiveness in luminescence can be significantly improved when phosphors are doped with
appropriate supplementary activators [5]. Owing to Ce**'s strong spectroscopic properties and its
aptitude to integrate Ce’* ion inta a lot of unique host resoygces, Ce?* enabled components have
created increasing interest in a variety of applications. [6]. These all-prepared materials incorporate
greater returns, emission wavelength with adequate reaction, rapid luminosity decreases in testing and
stable temperatures, rendering them desirable for use in high energy branch of physics study [4] as
well as in medicinal imaging applications [5]. On the basis of outstanding luminescence properties,
inorganic activated Ce** materials are therefore used for ionizing radiation in displays, lighting
systems and certain other applications. [7]. Ce** can be sustained in the oxidation state of a host
material. The luminescence inquiries studied and checked the stability and incorporation of Ce ions
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Synthesis and photoluminescence properties of novel red-

emitting KMg4(PO4)3: Eu3* phosphors for UV- excited
white-light emitting diodes
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Abstract. The trivalent Eu** activated KMgs(POs)s phosphor has been successfully prepared via
solid state diffusion technique. The phase formation and structural morphological studies carried
outby XRD patternand SEM analysis. The photoluminescence excitation spectra centred at 395
nm attributed to "Fo— L energy transition levels. PL emission spectra centred at 593 nm and
613 nm comesponds to *D¢—'F( J-1,2) transitions of Eu* in the host respectively. The
experimental results showed that Eu’' singly doped KM g«(POs); phosphorunder UV excitation
gives intense red emissions. The critical Eu** quenching concentmtion (QC)wasdetermined to
be 1.0 mol% along with excellent CIE coordinates of (0.6326, 0.3670). All the above resuls

exhibits, the prepared phosphor is promising materialas UV excitable red emitting phosphor for
w-LED.

Keywords: Phosphor; Down conversion; Luminescence; Chromaticity coordinates; W-LEDs

1. Introduction
In the recent year trivalent rare-earth (RE3*) ions doped inorganic based phosphor received more
attention as luminescent materials owing to their wide application in the various field such as w-LEDs,
medical applications, non-inversion thermometry, solar energy conversion, temperature sensors, field
emission displays and solid state lighting (SSL), due to existence of emissions attributes to electronic
transitions in the 4f, configurations [ 1-3]. In the present era energy saving is the prime issue and hence
major inclination towards w-LEDs in display technology owing to its excellent performance, low power
consumption, durability, high compatibility, energy saving, as well as are of highly economical [4,5].In
order to realize the excellent luminescent materials, it must exhibits some important characteristics such
as prominent emission efficiency under n-UV/blue excitation, good thermal and chemical stability as
well as narrow band emission with good absorption. In general two approach are adopted to achieve pc-
w-LEDs include (i) combination of yellow emitting (YAG:Ce3*) phosphor with blue emitting (InGaN)
chip but owing to lack of red emission it shows high CCT and poor CRI which hinder its commerce
alization. (ii) This limitation can be overcome with the approach of combination of RGB phosphor with
n-UV orblue excitation chip to improve the optical properties[6]. The poor thermalstabilitiesand aging
rates of the different phosphors also restrict their applications in w-LEDs [7,8]. Moreover, various
components of inorganic luminescent phosphor materials e v-wa \With borates [9], Aluminate[ 10],
vanadates [11], tungstates [12], silicates [ 13] and phospha{e 1214 been studied for generation of
o
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Recent progress in phosphate based luminescent materials: A
case study
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Abstract.The uses of phosphate based uminescent materials are presented in this study in different -
fields of luminescence. Thereare differenttypes of luminescent phosphors are a vailable in the field
of luminescence such as borates, sulphates, fluorides, sulphides, phosphates etc. From all these
phosphors, phosphate-based phosphors shows their potential in almost every field of luminescence
in last few years and it becomesa key materialin the luminescence especially in photolumin escence,
thermoluminescence and mechanoluminescence. These rare earths activated phosphate-based
luminescence materials are synthesized with differenttechniques by means of wet chemical method,
combustion technique, sol gel analysis and solid-state diffusion technique etc. which are described
in the present article. Consequently, this article chiefly dealing the overview of different phosphate
based luminescentmaterials and modem developmentand progression in the field of huminescence.
Keywords: phosphates; luminescent materials; chemical synthesis; dosimetry; photoluminescence.

1. Introduction
Luminescence phenomenon is essentially known for the emission of cold light from the different energy
sources which take places at the comparatively low temperatures[1]. Some energy source transferred to an
electron from ground to excited state, and then the energy releases by the electron in the form of light so it
can fall back to its ground state in luminescence phenomenon. Luminescent material is also called
‘phosphors’. Phosphors are consisting of a host lattice and a luminescent center frequently known as an
“Activator”. The activators absorb the exciting radiations and are elevated to an excited state. The excited
state proceeds for the ground state by release of radiation. The activator does not absorb the excitation
radiation in several materials although the erstwhile ion might absorb the exciting radiation and then move
it to the activator. In such studies the absorbing ion is known to be a sensitizer{2]. In various cases the host
lattice transmits the excitation energy to the activator, thus the hos lattice function as a “Sensitizer”. The
host lattice is comprises of as a minimum one sort of oxide certained from the sulphide[3], aluminate[4,5],
alumino silicate[6], silicate[7], titanate[8], niobate[9], phosphate[10], halophosphate[1], Borate[11],
tungstate[ 12]etc.

Above all the materials, phosphate plays a significant role in environmental systems and utilize a wide
range of functions in consequence of their outstanding simplicity, low viscosity, high ultraviolet(UV)
transmission, high-quality mechanical, thermal constancy, isqisemtensefractive index and simple
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Abstract. In the present work, a series of Baz..Zn;Fisxmol%Euv’* (x =0.1,0.5,0.7,1.0,1.5)
phosphors were synthesized by combustion method. The spectroscopic properties of syntheszed
phosphorwere observedby photoluminescence and photometric characterizationtechnique. The
obsearved excitation spectra revealed two bands around 395nm and 466nm that was attributed
to the "Fy—°Le, and "Fo—’Dy, transition of trivalent europium ions, respectively. Under 395nm
and 466nm excitation, the PL emission spectra shows several emission bands around at 580nm,
593nm and 613nm, which are ascribed due to *Dg—"F, *Do—F), and *Dy—"F; transition of
Eu* ions, respectively. The emission band of 613nm indicates the highest emission intensity
comparedtothe other emission bands. The emission band revealed the highest emission intensity
at Imol% concentration of Eu’* ions. Further, a CIE chromaticity diagram was obtained, which
is confirmed that red emission. The entire investigation and their outcomes revealed that the
synthesized phosphors exhibit strong red emission, whichcanbe applied in the lighting industry
and displayapplications.

Keywords: Combustion method; Photoluminescence; CIE Coordinate

1. Introduction

Inthe current scenario, rare earth activated luminescent materials have attract moré e;.ttention due to therr
advantages and applicability in various fields such as solid-state lighting, display devices, solar cell,
TLD badges, fingerprint detection, plant growth, temperature sensor, medical applications, etc [1—4].
White LEDs are novel lighting technology in field of lighting applications. In the last few years,
phosphor converted-WLEDs has grown popularity and it is already used commercially in various
applications such as traffic lights, outdoor lighting, inside and outside lighting in airplane, vehicles, and
transports, etc [5-7]. Due to their popularity, WLEDs will be utilized more broadly in the coming years
and will prompt the development of new novel materials for cofmercial lighting,. WLEDs can reduce
energy dissipation in the field of lighting. Generally three ways are known for white light generation
based on LEDs (i) yellow-emitting phosphor excited by blue-emitting diode (ii) combination of Red,
Green and Blue (RGB) LED lights and (iii) By combination of RGB phosphor with near UV LEDs
[8,9]. A combination of yellow emitting (YAG: Ce3*) phosphors with a blue emission (InGaN) chip is
used as commercial WLEDs, but this method faces some drawhacks such as lack of red emission, high
correlated color temperature (CCT), and poor color /&
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Abstract. In this study, we are successfully synthesized terbium and samarium (Tb**/Sm*)doped
KiCa;(SOs):Clphosphors by wet chemicalmethod, and synthesized phosphors were chamcterized
by XRD, SEM, and Photoluminescence (PL) techniques, and studied in detail. Photohiminescence
analysis, we can see that underthe Near-UV (NUV) excitation of 380nm, the Th** activated samples
showed a prominent green emission peak at 546nm attributed to the’Ds—F; transition of Tb* ions.
While the PL emission spectra of404nm light excited KsCaz(SO4)Cl: Sm** phosphorshowedthree
emission linesat 565nm, 598nm and 645nm attributedto *Gsn—*Hsn, *Gsn—Hin, and*Gsn—°Ho)s
transitions of Sm™ ions, respectively. The CIE coordinates were calculated to be(0.263,0.515) for
KiCa(SO4);CLTb*and (0.532, 0.462) forK;Cax(SO4);ClL: 1.5mol%Sm?**, which liedin the greenand
orange regions,respectively. The entire photoluminescence results indicated that phosphor
K3Ca3(S04):Cldoped with Th* and Sm*may tum out to beanimportant component of pc-white
LEDs and display devices. i

Key words. Wet chemicalmethod; SEM; XRD;pc-white LEDs; lamp phosphor.

1. Introduction

In the last few years, lanthanide ion doped phosphor materials have attracted a lot of attention of the
society, because in these years, rare earth activated phosphors has proved its utility in vatious applications
such as optical communications, X-ray imaging, cathode ray tubes, biological labelling, lasers, white light-
emitting devices (WLEDs), optoelectronic devices, vacuum fluorescent display, etc[1-3].Presently,
phosphors converted light emitting diode (PC-LED) has brought an industrial revolution in the field of
lighting and has gained a lot of public acclaim due to its high-quality properties. Itis the latest technolo gy
in the field of lighting, which has a tremendous market share. Currently, PC-LEDs have proved his
capabilities for replacing traditional incandescent light bulb because PC-LEDs has extraordinary features
such as compact size, high luminous efficiency, energy saving, long operation life, environmentally
friendly nature [4-8]. Recently, the phosphor converted LED-bated white light sources have gained
enormous research interest due to their high applicability in indoor and outdoor lighting technology. The
most widely used white LEDs are composed of InGaN-based blue-LED chip coupled with YAG:Ce3*
yellow phosphor[9]. However, this technique has also revealed some drawbacks such as the lack of a red
component, low color rendering index (CRI), high correlated color temperature (CCT). As a supplementary
method, red, blue, and green-emitting phosphors are excited by ultraviolet (UV) or near-UV (NUV) LEDs.
The light obtained by this method provides high quality light with better color stability and high color
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Abstract. In this work, we synthesized the Tb** and Eu** doped a-Ba;Y(BOs)s phosphor using
the solution combustion method. Usingthe powder XRD patternand FTIR low-temperature phase
of a-Ba;Yi.x(BOs): xTb**& Eu’ was confirmed. Element composition with percentage was
verified by FE-SEM-EDS. Stoke's shift values were calculated which confirms the high thermal
stability of the phosphor& its use in high power WLED. Photoluminescence study at mom

, tempemture was done. Intrinsic absorption due to the 4f-4f transition of Eu** results intense red
emission from a-Ba;Y1.x(BOs): xEu®* makes it suitable for pc-WLED and confirms the Centro-
inversion symmetry site of Eu3+ in the host. Green emission at NUV excitation from Ba;Yy.
x(BOs): xTb* results from cross-relaxationof Tb** in a host The concentmtionquenching reason
forboth activators was investigated by calculating and comparing critical distance, The purity of
luminescence color was confirmed by plotting CIE-chromaticity co-ordinates on CIE-Color
gamut. The entire work confirms the importance of synthesized phosphor along with previously
reported samehost materials. The reported phosphormay be suitable for NUV converted WLED,
wavelength conversion devices, and high power RGB —~WLED.

Keywords: Solutioncombustion, Borate Phosphors, Terbium, Europium, Photo-luminescence.
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1. Introduction:Inorganic phosphors based WLED are widely used because of properties like energy
efficiency, lifetime, stability, Cost-effective, design and ecofriendlynature. Inorganic luminescent
materials have considerable importance in fluorescent lamps, solid-state lighting, phosphorescent paints,
in road marking paints, high power LED cic. Wavelength conversion and color mixing are the most
commonly used technology to produce white light [1-6]. So, the development of efficient phosphors for
the wide possible applications is the favorite research area of material science. Abundant energy levels
and the large number of possible transitionsin the visible/UV light regionmakes the rare earths most
common dopants in synthesis of borate phosphors[7]. Among Rare earth ion, Tb3* is one of the most

prospective green-emitting activators due to its 4f—4f transitions and Eu3* is the promising red-emitting
activator dopant [8].

The borate compound with formula MsLn (BO3)s (M =Ba, Sr, and Ln = La-Lu, Y, Sc) were reported as
promising phosphors for W-LED applications. The Ba; Y(BOs); crystal exists in two structures, i.e., low-
temperature phase a-Ba;Y(BOs); with space group P63cm and high-temperature phase B-Ba; Y(BOs)s
with space group R3. The photoluminescence properties under dopipg are different for both phases. The
structure of a-Bas Y(BOs); is consist of 3-F-C boron atoms, 6-F-C yttrium atoms, 9& 6-F-C barium atoms
[9]. Irish Valerie et.al synthesized the BasY(BOs):: Eu?*, Bi** phosphor via a solid-state reaction and
studiedit as a phosphor for w-LEDsusing N-UV LED chips [10]. Xiulan Wu.et.al. described Ba; Y (BOs):
Sm** as orange-red phosphor for WLEDs[11]. Jingjie Yu et.al. investigated luminescent and the
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Rare earth fon plays animportant role in the solid state lighting indu:
__ try. Here, the terbium (ill) ion doped sodium calcium chlorosulfate
~ phosphor was prepared via wet chemical method. Stru cture, bond-
ing between each element of the sample and morphology of the
sample were analyzed using X-ray diffraction (XRD) and scanning
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electron microscopy (SEM), which showed that the samples we
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terbium (Ill) ions are at
 emissions are attributed

v 4—>F¢ (491nm) and -
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1. Introduction X

Rare earth doped sulfate materials have been widely investigated because of the varied
optical energy level structures of the rare earth elements which result in light emission from
ultraviolet to far-infrared regions (1-5). Until now, several complex oxides, for instance sil-
icates (6), aluminates (7) and borates (8), which have strong absorption in the VUV range,
have been deliberated. Stoichiometric rare earth sulfates have gained a special attention
because of their interesting physical properties, such as optical properties (9, 70). Imitation
alkaline earth fluoride-sulfates doped by divalent europium and trivalent dysprosium are
efficient photo luminescent materials. The europium activated phosphor is used as blue
component in three band fluorescent lamps, light-emitting diodes (LED) (77-13) and dys-
prosium doped phosphors are used as tricolor component in fluorescent lamps and white
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1 | INTRODUCTION The blue, red, and FR lights help in plant growth via different mecha-

nisms such as phototropic, photosynthesis, and photomorphogenesis
In the present era, the trend of growing plants through horticulture processes.’®13! |n addition to this, there is shade avoidaiice syndrome
has revolutionized owing tb its benefits over the traditional agricul- in plants, exhibited by variation in the concentration of phytochrome

tural methods. The horticulture includes the growing of plants, Pr and Pm[‘” +The concentration of these two phytochromes is

flowers, and other vegetables under specific weather conditions affected by the variation in the intensity of the R to FR ratio. It is
(e.g., light, air, water, temperature).*# It also overcomes the prob- reported that &le intensity ratio of R and FR in daylight is 1.15 and
lems encountered due to natural calamities such as flood, drought, varies with climatic conditions. In the dark, phytochrome (Pg) is syn-
typhoons, hale, and haze. Among the various factors for plant growth, thesized by absorbing red light around 660 nm. Pris generally consid-
light has a pivotal role. We all know that the natural source of light for ered biologically inactive, while Peg is biologically active, and activity
plants is sunlight.®~7! Sunlight has a wide spectrum of radiations rang- Is acquired upon absorbing in the FR region around 730 nm. The phy-
ing from visible light to infrared (IR) necessary for plant growth. There tochromés will translate the relative amounts of R and FR light in inci-
are mainly four pigments in the plants, namely, chlorophyll a and b dent radiation into different relative concentrations of the active Pgg
absorb in the blue region, phytochrome Pg absorbs in the red form of phytochrome. The shade avoidance response is found in the

(R) region, and phytochrome Per absorbs in the far-red (FR).,re‘gi’j)’ﬁ?';,_ plants when there is § lijnit in the lighting. The red n in the Pgg
SR N
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